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PREFACE. 



TUb text-book is an attempt, on the experimental side, to train the student 
of qualitativ analysis in careful manipulation and exact methods of procedure, 
such as are commonly employed in quantitativ analysis. It is an attempt, on 
the theoretical side, to make dear to the student the reason for each operation 
and result, and to accustom him to apply to them the laws of chemical equilib- 
rium and the principles relating to the ionization and complex-formation of 
substances in solution. It is believed that in both these ways the educational 
value of the subject is greatly increased. 

The book is ctivided into two main Parts, entitled The Course of Instruction 
and The System of Analysis. In presenting the System of Analysis the plan 
adopted in the earlier editions of this book has been followed, namely, that of 
separating sharply the description of the operations from the discussion and 
explanation of them. The operations are described with as great definitness 
as possible in short paragraphs entitled "Procedures"; and each of these is 
followed by "Notes" in which are given the reasons for the operations, the 
precautions necessary and difficulties encountered in special cases, the chemical 
behavior of the different elements, the indications afforded of their presence, 
and the application of the theoretical principles to the reactions involved. 
The system of procedure has been thoroly revised as a result of the extended 
investigations made in the laboratory of this Institute during the past dx yean 
and described in volumes 29, 30, 31, and 34 of the Journal of the American 
Chemical Society. As a result of these investigations, in which the author 
has had the able cooperation of Phxfessor W. C. Bray and Professor E. B. Spear, 
the process of analysis has been made much mare reliable, so that now it is 
possible with careful manipulation to detect one milligram of any constituent 
in the presence of 500 milligrams of any other (except in a few oombinatioDS 
iriierethelimitof detectabilityistwomilfigiams). At the same time the process 
has on the whole been considerably simplified. Hie larger sise of the present 
edition is due, not to greater complexity of the process, but to the inclusion 
in the Procedures of the more explicit directions necessary to secure accuracy 
in the separations and reactions, to the insertion of confirmatory tests for most 
of the elements, to the development of a more systematic process for the detee> 
tion of the acidic constituents, and to the elaboration of the notes and espedaQy 
the indusbn in them of the theoretical explanations made possible by the 
leoent development of our knowledge of sohitioos. 
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The Couise of Instruction includes two sections — one entitled Laboratory 
Experiments, giving the directions for the laboratory work; and the other 
entitled Questions on the Experiments, consisting of a series of questions to be 
studied in connection with the class-room exercises. 

The laboratory work described in the section on Laboratoiy Experiments is 
horn beginning to end closely correlated with the systematic scheme of analysis. 
For experience has convinced the author that the plan followed in many text- 
books of requiring the student to study the separate reactions characteristic of the 
various elements before undertaking their systematic separation is highly imsat- 
isfactory. However valuable the knowledge of the additional reactions may be, 
it is found in practis that the performance of such a large number of independent, 
disconnected experiments makes little impression on the student's mind and 
fails to awaken his interest in the subject. Qualitativ analysis affords an effectiv 
means of teaching a part of inorganic chemistry chiefly because it unites into a 
connected whole a great variety of isolated facts, and because the student sees 
a practical use of the information presented to him; but these advantages 
evidently do not apply to facts not directly related to the process of analysis. 

The Questions on the Experiments are intended to aid the student in under- 
standing the work that he is doing in the laboratory and to make sure that he 
derives from the subject the mental traning whidi it ought to afford. The 
questions are in large part of such a character that, in order to answer them 
properly, the student not only must study the Notes on the Procedures, but 
also must giv to the questions some independent thought. It is assumed in 
these questions, as well as in the Notes on the Procedures, that the student 
has acquired, in his previous course on Inorganic Chemistry, a general knowledge 
of the mass-action law and of the chemical aspects of the ionic theory. 

The, best plan of conducting the course, when circumstances permit, is in 
thid author's opinion as follows: The class, if large, is divided into sections 
of from 15 to 25 students. At the beginning of each laboratory exerdse, which 
should, if possible, be three hours long, or at the beginning of every second lab- 
i^tory exercise, the instructor holds a class-room conference with each section, 
at' which the e}q)erimentB to be next made are discussed in outline, and those 
made at the previous exercises are reviewed in detail The conferences are 
carried on mainly by questioning the individual students and by encouraging 
them to ask questions as to matters which they do not understand. As prepa- 
ration for each conference the student is expected to study the Table in which 
18 presented the outline of the analysis of the group to be next taken up, to 
study the Notes on the Procedures which he has worked through just pre- 
viously in the laboratory, and (unless the course is an elementary one) to answer 
the questions on the corresponding Experiments. To ensure that the student 
gi^y^ proper study, to the subject, a short written exercise may well be held at 
tl|^ beginning of each conference. In the laboratory work the class may be 
IfSipt nearly together by giving to the faster working students additional 
unknown solutions on each group, and by allowing those who are falling behind 
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to omit some of the kes important Experimente. In the laboratory great Btraw 
is laid on careful work, such as will enable the proportions of the various con- 
stituents present in unknown solutions to be estimated and small quantities of 
them to be detected. An effectiv means of teaching the detaib of manipula- 
tion is for the instructor to cany throu^ in the lecture-room, after the 
students have had a littie experience of thdr own in the laboratory, the com- 
plete process for the analysis of the copper-group. 

Even when the time available for the subject of qualitativ analysis does not 
permit of so complete a course as that here presented, the student gets, in the 
author's opinion, a better training by working th^xnigh selected parts of an 
exact scheme of analysis carefully and thoroly than he does by covering the 
^Ade of an elementary scheme superficially. Experiments that may be well 
omitted in briefer courses are indicated by asteriskB prefixed to the description 
of them in the section entitled Laboratory Experiments. 



PREFACE TO THE FIFTH EDITION. 

In this edition important changes and additions have been made as follows. 
The Procedures for the detection of the basic constituents and the Notes upon 
them have been improved in many matters of detail; and there have been intro- 
duced a simpler process for the detection of nickel and cobalt and a more satis- 
factory one for the analysis of the alkali-group. The part of the book relating 
to the detection of the acidic constituents has been entirely rewritten; and a more 
complete and more instructiv system of analysis for those constituents has been 
presented. Many additional tabular outlines have been included to assist the 
beginner in grasping the general plan of the separations; and the Questions 
on the Experiments have been revised. 

In mRlring this revision the author has had the benefit of many valuable sug- 
gestions from Professors Henry Fay, W. T. Hall, and A. A. Blanchard of this 
Institute, and from IVof . G. S. Forbes of Harvard University. 



PREFACE TO THE SIXTH EDITION. 

The main changes in this edition are modifications of the detailed directions 
for some of the Procedures, suggested by further experience with them, and 
the inclusion of a comprehenav Index, for the preparation of which I am 
greatiy indebted to Mr. Roger Williams. 

Abtbur a. Notes. 

MASaAGHUBBTTS InSTITVJTB OF TECHNOLOGT, 

Boston, August, 1915. 
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LABORATORY EXPERIMENTS. 



DETECTION OF THE BASIG CONSTITUSNTB. 

Preliminary Work. — Check off on an apparatus slip (corresponding 
to that printed on page 122) the apparatus found in the desk, and sign 
and hand in the slip. 

Make a 750 cc. wash-bottle, taking paius to bend the tubes and to 
out them off so as to correspond closely with the model exhibited in 
the laboratory. Make also a 250 cc. wash-bottle (for washing with 
hot water and special solutions). 

Make a dropper about 10 cm. (4 in($hes) long by drawing out one 
end of a glass tube to a fairly wide capillary and slightly expanding 
the other end with the aid of a file while it is heated in a flame. Cap 
the expanded end with a rubber nipple. 

Make 3 stirring-rods about 15 cm. long by cutting a piece of glass 
rod into sections and then rounding the ends in a flame. 

Experiment z. — Separation of the Basic Constituents into Oroups. — 
In connection with this experiment read the General Discussion on 
page 41 and refer to Table II (page 42). Measure out with the aid 
of a 10 CO. graduate 5 cc. portions of the test-solutions (see Note 1) 
of AgNO,, Cu(NO,),, Zn(NO,),, Ca(NO,),, and KNO,. Mix the por- 
tions in a conical flask, add 5 cc. 6-normal HNOs and 10 cc. NH4CI 
solution, shake for a minute or two, and filter. Dilute the filtrate 
with water to a volume of 100 cc. Place it in a 200 cc. conical flask; 
insert a two-hole rubber stopper through which passes a tube leading 
to the bottom; and pass in a slow current of HsS, until, upon shutting 
off the gas and shaking thoroly, the liquid smells strongly of it. Fil-^ 
ter. To the filtrate add 10 cc. NH4OH and 3-5 cc. (NH^tS. Shakfe 
the mixture and filter. Evaporate the filtrate to a volmne of about 
10 cc, filter, and to the cold solution add 15 cc. (NHOtCOt reagent 
and 15 cc. alcohol. 

In this experiment and all subsequent ones observe carefully every- 
thing that happens, and record it clearly and neatly in the note-book 
in the way described in Note 2, together with the equations expressing 
all the chemical changes that take place. In connection with each Ex-: 
periment study the Table and the Notes referred to in the directions..^ 

1 
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; :\L^6QkAf(mV EXPERIMENTS. 

• •*• :*• VVMm?-^1. The 8olutioii8 of ooostituenta to be tested for, here called the 
V ; • • * te0t-6olutioii8, are all so made up as to contain 10 mg. (10 miUignuns) of the 
constituent per cubic centimeter of solution. The mixture used in this ez« 
periment therefore contains 50 mg. of each of the basic constituents sUver, 
copper, sine, calcium, and potassium. The student should acquire the 
habit of working with definit quantities of the constituents and of noting the 
sise of the precipitates which they yield. For a good qualitativ analysis should 
not only show the presence or absence of the various constituents, but should 
also furnish an estimate of the proportions in which they are present. 

Test-solutions should not be used in place of reagents, nor reagents in place of 
testHsolutions, since the concentrations are as a rule quite different. In regard 
to the concentrations of reagents, see Note 3, page 44. 

2. In the note-book the operations should be indicated very briefly; but 
everything that happens should be recorded fully, tho concisely. Thus the 
report of the first experiment may be made in the following form: 

Expt X. — ^Added HNOs: no changj^ observed. 
Added NH4CI: white curdy ppt. 

Ag+N0|-+NH4+Cl- ».AgCa+NH4^N0|-. 

Passed in HaS: large black flocculent ppt. 
Cu++(NO|-)i+H,S =CuS+2H+N0|-. 



Sdid substances involved in chemical reactions should be indicated by under- 
fining their formulas. Largely ionised dissolved substances should be written 
with + and — signs attached to the formulas in such a way as to show the 
i<ms into which th^ dissociate. Slightly ionised dissolved substances should 
be distinguished by not attaching these signs to the formulas. In regard to 
the ionisation of substances, see the Table on page 123. 

The neatness, accurax^, and completeness of the notebook record will be an 
important factor in determining the grade of the student. 

Bqeriment 2. — Analysis of the SUver-Oroup. — ^Mix in a conical flask 
20 00. of the test-Bolution of Pb(NOt)t with 5 cc. portions of the test- 
solutions of Bi(NOt)ti AgNOti and Hgi(NOt)ti and treat the mixture 
by P. 11-15 (t.e., by Procedures 11-15 of the System of Analysis de- 
scribed in Part II, on pages 43-46); omit the confirmatory tests 
mentioned at the end of P. 12 and 13. Study Table III (page 43) 
before carrying out this experiment; and in connection ^th it read the 
Notes on P. 11-15. 

Nate. — ^In aU tiiese "Experiments" only the Ptooedures actually named in 
the directioDS should be worked through, omitting any others that may be inci- 
dentally referred to in the System of Analysis. 

K^eriment 3. — PrecipUaHon by Hydrogen Sulfide. — ^To 10 cc. 
of the testH9olution of Bi(NOk)t in a 200 cc. conical flask add 5 cc. 
HNOk, 10 cc. NH4CI solution, and 75 cc. water; and, without filtering 
the mixture, pass HsS into it till it becomes saturated, in the way 
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described in the first paragraph of p. 21, omitting the filtration at the 
end. (The HNOt and NH4CI are added and the solution is diluted to 
100 cc. so as to have the same conditions as in an actual analsrsis.) — 
Read Notes 1 and 2, P. 21. 

^o 10 cc. of the test-solution of HtAs04 add 5 cc. HN0«| 10 co. 
NH4CI solution, and 75 cc. water. Treat this solution by the whole 
of P. 21.— Read Note 3, P. 21. 

*Note. — ^ESzperiments or parts of ezperimenta preceded by an asterisk may 
be omitted in brief courses on the subject when the instructor so directs. 

Experiment 4. — Effect of Acid on the Precipitation by Hydrogen 
Stdfide. — Introduce into each of three test-tubes by means of a dropper 
(see Note 2, P. 11) 3 drops of the test-solution of Cd(NOt)t. Add 
to the first tube 1 cc. HCl, to the second 3 cc. HCl, and to the third 

9 cc. HCl. Then add to each solution enough water to make the 
volume about 20 cc, and pass a slow current of HtS into it for about 
a minute. — Repeat the last test (with 9 cc. HCl), substituting 
Cu(N08)j for the Cd(N08)j. — Calculate the normal concentration of 
the HCl in each tube and the number of milligrams of cadmium or 
copper per 100 cc. solution; and record the values in the note-book. 
—Read Notes 4 and 5, P. 21. 

Experiment 5. — Effect of Oxidizing Substances on Hydrogen Sulfide. 
—To 20 cc. of the test-solution of Fe(NOt)t add 10 cc. NH4CI solution, 
5 cc. HNOsi and 66 cc. water, and pass in HsS till the solution is satu- 
rated. Repeat this experiment, substituting 20 cc. of the test-solution 
of KjCrOi for that of the Fe(NOj)j.— Read Notes 6 and 7, P. 21. 

Experiment 6. — Analysis of the Copper-Group. — Mix 10 cc. portions 
of the test-solutions of Hg(NO,)i, Pb(N08)j, Bi(NOi),, Cu(N08)i, 
and Cd(N08)s, add 5 cc. HNOs, 10 cc. NH4CI solution, and 35 cc. 
water, treat the mixture by P. 21, and treat the precipitate so obtained 
by P. 31-38.— Refer to Table V (page 54), and read the Notes on P. 
31-38. 

Experiment 7. — Analysis of an Unknown Solution for Elements of 
the Copper-Group. — Ask the instructor for an unknown solution con- 
taining elements of the copper-group (''unknown A"), and analyse 

10 cc. of it by P. 21 and P. 31-38, first adding 5 cc. HNOa and 10 cc. 
NH4CI solution. Record and report the results as described in the 
following Note. Keep all final tests in properly labelled test-tubes or 
flasks until the report on the analysis has been returned by the in- 
structor. 
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Nate. — ^Record the results of the analyses of unknown solutions in the note- 
book in three columns headed MBpectMy, "Operations," "Obseryations," 
" Conclusions. " The operations and obsermiions are to be recorded in the same 
brief form employed in the experiments with known solutions. In the column 
headed Conclusions are to be inserted the conclusionB that may be drawn from 
each obserration as to the presence or absence of any of the constituents that 
may be present in the unknown solution. The chemical equations involyed 
need not be written. Sum up at the end the constituents that have been found 
to be present, giving also a rough estimate of the quantity of each of tiiem per 
10 cc. of solution. Quantities less than 5 mg. may be reported as "small"; 
those from 5 to 50 mg. as "medium"; and those greater than 50 mg. as "large." 
(It is to be noted, since one gram of a nonnnetallic solid substance is ordinarily 
taken for analysis, that 5 mg. corresponds to the presence of 0.5% a^nd 50 mg. to 
the presence of 5% of the constituent in such a substance.) The quantity of 
any constituent present is to be estimated from the size of the precipitate 
obtained in the confirmatory test or in the Procedure preceding it. The student 
should make it a habit to compare this precipitate in any doubtftil case with that 
obtained by subjecting a known quantity of the testHBolution to the same final 
Procedure. For this purpose the testnaolution may be measured out with the 
sid of a dropper, noting that three medium-size drops correspond to about 0.1 cc. 
of the solution or to 1 mg. of the constituent contained in it. — The instructor will 
return the report of the student with an entry upon it showing the quantities 
of the various constituents which the unknown actually contained. 

The correctness of the results obtained in the analysis of these unknown 
solutions is an important factor in determining the grade of the student. 

Experiment 8. — Behavior of ElemerUa of the TitirOroup towards 
Hydrogen Sulfide and Ammonium Sulfide. — To 6 cc. water in each of 
three test-tubes add from a dropper 6 drops respeotivly of the test- 
solutions of AbCIs, of SbClsy and of SnCU. (Note that 6 drops of a 
testHsolution contains 2 mg. of the constituent to be tested for.) Pass 
HsS into each tube for half a minute. Then add from a graduate 2 cc. 
ammonium polysulfide solution. Finally add 3 cc. HCl slowly to 
each tube, and shake the mixture. — Compare these precipitates with 
that produced by mixing 6 cc. water, 2 cc. ammonium polysulfide 
solution, and 3 cc. HCl, and shaking. (In an actual analysis the ana- 
lyst decides from the appearance of the HCl precipitate whether it 
contains ah appreciable quantity of the tin-group.) — Refer to Table 
IV (page 47). 

Experiment g. — Separation of the Tin^jtoup from the Copper-Oroup. 
— To a mixture of 6 cc. portions of the test-solutions of Bi(N08)s, 
AsCU, SbClt, and SnCU add 5 cc. HNOs, 10 cc. NH4CI solution, and 
enough water to make the volume 100 cc. Treat the mixture by the 
first paragraph of P. 21, filter with the aid of suction (see Note 1, P. 
23), treat the precipitate by P. 22, using 10 cc. ammonium polysulfide, 
reject the residue of BiA, and treat the solution by P. 23. Treat 
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nt onoe the precipitate obtained in P. 23 as described in Elxpt. 10. — 
Refer to Table IV (page 47); and read the Notes on P. 22 and P. 23. 

Experiment lo. — Analysis of the TitirOroup. — ^Treat the precipi- 
tated sulfides obtained in Expt. 9 by P. 41-46.— Refer to Table VI 
(page 60), and read the Notes on P. 41-46. 

Experiment iz. — Analysis of Unknown Solutions for Elements of 
the Copper and Tin Groups. — Ask for two unknown solutions contain- 
ing elements of these groups ("unknowns B and C")> and analyse 
10 oc. of each of them. First, in order to secure the proper acid con- 
centration for the HsS precipitation, make the solution exactly neutral 
by adding to it NH4OH drop by drop till it no longer reddens blue 
litmus paper, and add just 5 cc. HNO« and enough water to make the 
volume 100 cc. Then treat the mixture by P. 21-46. (Unknown B 
will contain only elements of the tin-group.) 

Ei^eriment Z2. — PredpitaHon of the Aluminum and Iron Groups 
and Solution of the Group-PredpitaJte. — Treat a mixture of 10 cc. 
portions of the test-solutions of Co(NOs)9 and of Fe(N08)« by P. 51 
and by the first five lines of P. 62. — Refer to Table VII (page 66), 
and read Note 1, P. 51, and Notes 1-2, P. 62. 

Experiment zs* — Behavior of Elements of the Aluminum and Iron 
Groups towards Ammonium Hydroxide and Stdfde. — ^To 5 cc. portions 
of the test^olutions of Al(NOa)», CrCU, Fe(NOa)», FeS04, Zn(NOa)i, 
Mn(N08)2, Ni(NOt)t, and Co(NOs)t, in separate test-tubes add 3 cc. 
NH4CI solution and 8r-10 drops of NH4OH, and note the result. Then 
add 2-3 cc. more NH4OH. Finally add 1-2 cc. (NH4)sS to each tube. 
Filter out the NiS precipitate, and boil the filtrate for 2 or 3 minutes. 
Record the results of all these tests in a single table, so as to show 
what effect is observed and what compound is formed in the case of 
each element upon the addition of each reagent. — Study the results, 
refer to Table VII, and read Notes 2-5 and fr-lO, P. 51. 

Experiment Z4. — Behavior of Elements of the Aluminum and Iron 
Groups towards Sodium Hydroxide and Peroxide. — To separate 5 cc. 
portions of the test-solutions named in Expt. 13, add 8^-10 drops of 
NaOH, and note the result. Then add 2-3 cc. more, and again note 
the result. Finally to each of the mixtiu'es add gradually from a dry 
7-cm. test-tube 0.2-0.3 cc. NaiOt powder, and heat it to boiling. Re- 
cord all the results in a single table as in Expt. 13. — Study the results, 
refer to Table VII, and read Notes 3-7, P. 62. 

^Experiment Z5. — Precipitation of Alkaline-Earth Elements by 
Ammonium Hydroxide in the Presence of Phosphate. — Heat about 
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0.3 g. solid CatCPOOt with 10 cc. water; then add 5 oc. HNQi. To 
the solution add NEUOH till the mixture after shaking smells of it; 
filter out the precipitate; and add 1-2 cc. (NH4)iC0t reagent to the 
fittrate.— Read Notes 6-7, P. 51, and Note 8, P. 52. 

Experiment z6. — Analysis of the AluminvmrXhoup. — ^Treat a mix- 
ture of 10 cc. portions of the test-solutions of Al(NOk)«, CrCU, and 
Zn(NOt)t by the second paragraph of P. 52 and by P. 53-57. Refer 
to Table VIII (page 71), and read the Notes on P. 53-57. 

Experiment 27. — Analysis of the IronrOroup: Separation of Man- 
ganese and Iron. — ^Treat a mixture of 10 cc. portions of the test- 
solutions of Mn(NQ»)t, Fe(NOk)t, Zn(NOt)t> Co(NOt)t, and Ni(NOt)t 
by the second paragraph of P. 52; and treat the precipitate there- 
by obtained by P. 61, 62, 64, and 66. Treat the precipitate containing 
the sine, cobfdt, and nickel as described in Expt. 18. — Refer to Table 
IX (page 74), considering only the case where ''phosphate is absent/' 
and read the Notes on P. 61, 62, 64, and 66. 

^Experiment i8. — Analysis of the IronrGroup: Separation of Zinc^ 
Nickel, and Cobalt. — Treat the residue and precipitate obtained in 
Expt. 17 by P. 67-70.— Refer to Table X (page 78), and read the 
Notes on P. 67-70. 

Note. — In brief oourses this e^qKriment may be omitted; and in the subse- 
quent analyses of unknowns cobalt and nickel may be detected (without dis- 
tinguishing them) by the formaticm of a black precipitate in P. 66, and iinc 
may be tested for only in the aluminum-group. 

^Experiment ig. — Modification of the Analysis of the IronrGroup in 
the Presence of Phosphate for the Purpose of Detecting Alkaline-Earth 
Elements. — Mix together 10 cc. portions of the test-solutions of 
Fe(NO«)ti of Co(N08)t, and of Cas(P04)t in HNOt. Treat one-tenth 
of this solution by P. 63, and treat the remainder of it by P. 65 and 
66. To the filtrate obtained in P. 66 add 2-3 cc. (NHOsCOs reagent. 
— Bead the Notes on P. 65. 

Experiment 20. — Analysis of Unknown Solutions for Elements of 
the Aluminum and Iron Groups. — Ask the instructor for two unknown 
solutions for this purpose (''unknowns D and £?")» and treat 10 cc. 
of each by P. 51-57 and 61-70. (Unknown E will contain phosphate.) 

Experiment 21. — PredpUation of the Alkaline-Earth Oroup. — To 
2 cc. of the test-solution of Mg(NOt)t add 10 cc. water and 1-2 cc. 
(NHOsCOt reagent, and shake the mixture for about a minute. Then 
add (in accordance with P. 81) 15 cc. (NH4)tCOs reagent and 15 cc. 
95 per cent alcohol, and shake for a minute more. 
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To 2 cc. of the test-flolution of Ca(NOk)s add 10 co. water and 2 co. 
(NH^tCOk leagenti shake, and after 2--3 minutes filter out the pre- 
cipitate. To the filtrate add 16 cc. (NHOtCOa reagent and 15 cc. 
95 per cent alcohol. — ^Read the Notes on P. 81. 

Experiment 22. — Analysis qf the AUcalins-Earth Qraup. — ^Mix to- 
gether in a small flask 3 cc. portions of the test-solutions of BaClt, 
Sr(NO«)t, Ca(NQt)t, and Mg(NOt)s. Add to the mixture 30 cc. of the 
(NHOsCOt reagent and 30 cc. 96 per cent alcohol, and shake it for 
about 5 minutes. Filter out the precipitate and treat it by P. 82-89. 
—Refer to Table XI (page 81), and read the Notes on P. 82-89. 

Experiment 23. — Analysis of the AUcalirQraup. — ^Mix together 10 cc. 
portions of the testnsolutions of ENOt and NaNOt, add 10 cc. NH4CI 
solution and 10 cc. (NH4)tC0t reagent, and treat the mixture by P. 91- 
96.— Refer to Table XII (page 87), and read the Notes on P. 91-95. 

Experiment 24. — Analysis of an Unknown Solution for Elements of 
the Alkaline-Earth and Alkali Oroups. — ^Ask the instructor for an un- 
known solution for this purpose (''unknown F^'), and analyze 10 cc. 
of it by P. 81-89 and P. 91-95. 

^Experiment 25. — Detection of Ammonium. — ^Treat 0.2-0.3 g. solid 
NH4CI by P. 96.— Read the Notes on P. 96. 

^Experiment 26. — Determination of the State of OxidaHon of Iron. 
— ^Treat 0.3 g. finely powdered Fe804 by P. 97, omitting tests a, b, 
and c. — Read the Notes on P. 97. 

^Experiment 27. — DeterminaHon of the State of OxidaHon of Arsenic, 
— Treat 1 co. of the testnsolution of HtAsOi by P. 98. — Read the 
Notes on P. 98. 

*Eiperiment 28. — Detection of a Small Quantity of Arsenic. — ^Add 
2 drops of the testnsolution of HsAsOi to 10 cc. HsSOi, and treat the 
mixture by P. 99. — Read the Notes on P. 99. 

Experiment 29. — Analysis of Unknown Solutions for All the Basic 

Constituents. — Ask the instructor for two unknown solutions for this 

purpose (''unknowns O and H''), and analyse 10 cc. of each of them 

by P. 11-95. Before precipitating with HiS, exactly neutralise the 

solution with NH4OH and add 6 cc. HNOt. 

Note. — ^In complete analyses of this kind where a number of different predpt- 
tates and filtrates are successiyly obtained, any of these that are set aside, 
even temporarily, should be distinctly labelled, in order to avoid mistakes. 
A convenient method of doing this is to mark on the label simply the Ftoceduie 
by which the precipitate or filtrate is next to be treated; thus the Hil3 precipi- 
tate would be marked P. 22, and the filtrate from it P. 51. The final tests for 

any element may be marked Test for Fb, Test for Al. etc. 
3 
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DBTBCnON OF THE ACIDIC CON8TITUEMT8. 

Biperiment 30. — Detection of Carbonate and Nitrite. — ^Test 5 drops 
of the test-solution of NasCOs (in place of ''0.1 g. of the finely 
powdered substance") for carbonate by the first paragraph of P. 101. 
Test 5 drops of the testnsolution of NaNOs for nitrite by the second 
paragraph of P. 101. — Read the General Discussion on pages 94-05, 
refer to Table XIII (page 97), and read the Notes on P. 101. 

Experiment 31. — Detection of Sulfate^ Sulfite, and Fluoride. — ^Mix 
together 2 cc. portions of the testnsolutions of Na4S04, Na«SOt, and 
HF, add 2 cc. HNOs, and treat the mixture by P. 102. (Reject the 
CaCb precifntate.) — Refer to Table XIV (page 98), and read the 
Notes on P. 102. 

Biperiment 32. — Detection of Halides and of Chlorate. — ^Mix to- 
gether 2 cc. portions of the test-solutions of KCl and EClOt, add 
2 cc. HNOj, and treat the mixture by P. 103.— Refer to Table XIV 
(page 98), and read the Notes on P. 103. 

Biperiment 33. — Detection of Phosphate. — To 2 cc. of the testHSolu- 
tion of NaiHPOi add 2 cc. HNOti and treat the mixture by P. 104. 
—Read the Notes on P. 104. 

Experiment 34. — Detection of Thiocyanaie. — ^To 2 cc. of the test- 
solution of ESCN add 10 drops of HNO«, and treat the mixture by 
P. 105.— Read the Notes on P. 105. 

Biperiment 35. — Detection of the Separate Hatides. — Mix together 
2 cc. portions of the test-solutions of KCl, EBr, and EI, and treat 
the mixture by P. 106.— Refer to Table XV (page 100), and read 
the Notes on P. 106. 

Biperiment 36. — Analysis of an Unknown Soltdion for the Acidic 
Constitvents tested for in Nitric-Acid Solution. — Ask the instructor 
for an unknown solution for this purpose ("unknown J"). To 10. 
cc. of it add 15 cc. water and 5 cc. HNOs, and treat portions of the 
mixture by P. 102-106.— Refer to Tables XIV and XV (pages 98 
and 100). 

^Experiment 37. — Distillation urith Phosphoric Add and Detection of 
Carbonate, Halides, and Sulfate. — Mix 3 cc. portions of the test-solu- 
tions of Na2C08, ECl, and E2SO41 and treat this mixture (in place of 
"2 g. of the finely powdered substance") by P. 111. Treat a portion 
of the second distillate by the first paragraph of P. 116. Treat the 
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third distillate by P. 119.— Refer to Table XVI (page 104), and read 
the Notes on P. Ill, 116, and 119. 

^Bi^eriment 38. — Detection of SuJJUe. — ^Add to 3 co. of the test- 
solution of NatSO« 10 00. Ba(OH)t solution, acidify with HAc, and 
treat the mixture by the first paragraph of P. 112. Refer to the 
first part of Table XVII (page 107), and read the Notes on P. 112. 

^Experiment 39. — Detection of lodin-Liberating ConstUvenla. — ^Treat 
10 CO. of the test-solution of NaOCl (which contains also an equivar 
lent quantity of NaCl and some NasCOa) by the first paragraph of 
P. 111. Treat the whole distillate so obtained by the first two 
paragraphs of P. 113. — ^Treat 3 cc. of the test-solution of ENQt by 
the first two paragraphs of P. 113. — Refer to the middle part of 
Table XVII (page 107), and read the Notes on P. 113. 

^Bi^eriment 40. — Detection of Cyanide. — ^Treat 3 cc. of the test- 
solution of ECN by P. 115.— Refer to the last column of Table XVII 
(page 107), and read the Note on P. 115 and Notes 1-3, P. 107. 

^Experiment 41. — Analysis of an Unknown Solution for Acidic Con- 
Muenis passing into the Pkosphoric Acid DistiUates. — Ask the in- 
structor for an unknown solution for this purpose (''unknown JT'), 
and treat 10 cc. of it by P. 111. Treat the distillates by P. 112-119. 
—Refer to Tables XVII and XVIII (pages 107 and 110). 

Experiment 42. — Detection of Borate. — ^Treat 0.2-0.3 g. of solid 
borax (Na«B407) by P. 121. — In connection with each one of Expts. 
42-17 refer to Table XIX (page 112), and read the Notes on the Pro- 
cedure involved in the Experiment. 

Experiment 43. — Detection of Fluoride. — ^Treat 0.2-0.3 g. of solid 
CaF, by P. 122. 

Experiment 44. — Detection of Nitrate. — ^Treat 0.2-0.3 g. of solid 
KNO, by P. 124. 

^Experiment 45. — Detection of Nitrite. — Treat 1 cc. of the test- 
solution of KNOi by P. 125. 

^Experiment 46. — Detection of HypocUoriie. — ^Treat 3 cc. of the 
test-solution of NaOCl by P. 126. 

*Eiperiment 47. — Detection of Chlorate in Presence of Hypochlorite. 
— ^Mix 3 cc. portions of the test-solutions of NaOCl and EClOg, and 
treat the mixture by P. 127. 
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niBPABATIQir OF THE SOLUTION AND GOMPUBTS ANALTBM OP 

UNKNOWN SOLID SUBSTANCES. 

Biperiment 48.— Substoncea Soluble in WaUr or IXhOe Aeid.—Aak 
the instructor for two such unknown substances Chinknowns I and 
II"); ftnd treat portions of each of them by P. 1, by P. 2 followed by 
P. 11-96, by P. 96-98, and by P. 100, 101-107, 121, and 124-126.— 
Read the Notes on P. 1 and 2. — Record and report the results in the 
note-book as directed in the Note on Expt. 7. In the case of a solid 
substance not only report the constituents and the proportions of 
them present, but state the compound or compounds of which the 
substance seems to be mainly composed. 

Noie. — ^In analyiing unknown solids the quantity taken for the BMuIjmm 
should be weic^ied (within 0.1 g.) on a rough balance, not guessed at nor esti- 
mated by volume. 

Experiment 49. — NanrMetaUic Substances requiring Treatment uriik 
Concentrated Adda, — ^Ask the instructor for two such substances 
(''unknowns III and I V)y &nd treat portions of each of them by P. 1, 
by P. 2-3 (or 2-4, if necessary) followed by P. 11-95 (or 21-95), by 
P. 96-98, and by P. 100, 111-119, and 121-127. If there is any 
undissolved residue (of silica or silicate) at the end of P. 4, disregard 
it in these analyses. — Refer to Table I (page 29), and read Notes 1-4, 
P. 3, and Notes 1-2, P. 4. 

Bzperiment 50. — AUoye Dissolved by Concentrated Adds. — ^Ask the 
instructor for two such alloys ("unknowns V and YV*), and treat 0.5 g. 
of each by P. 3-4 and P. 11-70 (or P. 21-70).— Read Notes 5-9, P. 3, 
and Notes 3-4, P. 4. 

^Experiment 51. — Mineral Substances Not Completely Dissobed by 
Concentrated Nitric and Hydrochloric Adds. — Ask the instructor for 
two such substances ("unknowns VII and VIII")- Treat 1 g. of 
each of them by P. 2-6, followed by P. 11-95.— Refer to TaWe I 
(page 29), and read the Notes on P. 5 and 6. — ^Treat fresh portions of 
each of the substances by P. 131. — ^Read the Notes on P. 131. 

Ask the instructor for another such substance ("unknown IX'O* 
Treat 1 g. of it by P. 2-4. Treat the solution obtained in P. 4 by 
P. 21-95, and the residue obtained in P. 4 by P. 7, followed by 
P. 21-89. Reserve, as directed, one-half of the aqueous extract of the 
fused mass obtained in P. 7, and test it for acidic constituents as de- 
scribed in the third and fourth paragraphs of P. 131. — ^Read the 
Notes on P. 7. — ^Treat fresh portions of the substance by P. 101 and 
P. 102-104. 
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^Ej^eriment 52. — Svb^iUmeeB Conkdning Organic MaUer. — Ask the 
instructor for such a substance ("unknown X'')» <^d treat portions of 
it by P. 1, by P. 8 foUowed by P. 11-95, by P. 96-fl8, and by P, 
101-106.— Bead the Notes on P. 8. 



QUESTIONS ON THE EXPERIMENTS. 



DETBCnON OF THE BASIC CONSTITUENTS. 

Bzperiment i. — 1. In preciintating the sUver-group in an actual analjnis oould 
the NH^l be replaced by NaCl? by HQ? (In the ease of aU que^ioM loMcfc can 
be answered by "yea" or "no,** giv the reasons far the answer,) 

2. If the NHiCI were not added, what would happen to the silver in the subse- 
quent parts of the experiment? 

3. Of the five basic constituents present in the mixture why is silver the only one 
that is precipitated by NH4CI? 

4. If enough HsS were not used to precipitate all the copper, how would it behave 
on the subsequent addition of NH4OH and (NH4)sS? 

5. What is the first reaction that takes place when NH4OH is added to the filtrate 
from the HsS precipitate? 

6. What would happen to the (NH4)sS if it were added directly to the filtrate from 
tiie H2S precipitate, without first adding NH4OH? 

7. What happenfi to the (NH4)2S when the filtrate from the (NH4)sS predjatate 
IB evaporated? 

8. If all the basic constituents had been present in the original mixture used for 
this experiment, what ones would have been precipitated by (a) NH4CI, (b) HaS, (e) 
NH4OH and (NHOsS, (d) (NH4}2CQ8? (e) What ones would have been left with the 
potassium in the filtrate from the (NH4)sCX>s precipitate? 

Experiment 2. — 1. What would be meant by the statement that a certain quan- 
tity of lead nitrate is equivalent to a certain other quantity of ammonium chloride? 

2. In making up one liter of a 1-nonnal solution of NH4CI, how many grams of 
the salt should be weighed out, and how much water should be added to it? (For 
the atomic-weight values needed in answering this and other questions see the table 
on page 124.) 

3. In making up a liter of a 5-normal solution of HiSOi, how many cubic cen- 
timeters of 96% sulfuric acid (s. g., 1.84) should be used, and how much water 
should be added to it? 

4. Approximately how many cubic centimeters of the NH4CI solution would be 
required to precipitate 500 mg. of silver? (Calculate first the number of equivalents 
corresponding to 500 mg. Ag. — Since 1 g. of the unknown substance is ordinarily 
taken for the analysis for basic constituents, 500 mg. is as large a quantity of any 
element as is likely to be present.) 

5. Why is a considerable excess of NH4CI added? (The word excess signifies the 
quantity added beyond the equivalent quantity theoretically required to produce 
the reaction in question.) 

6. The solubility of PbCli at 20° in water is 0.070 equivalents per liter and in 
0.2^ormal NH4CI solution is 0.018 equivalents per liter. Explain by the solubility- 
product principle why NH4CI diminishes tiie solubility. (This question may be 
answered by shortening the complete explanation given in Note 6, P. 11, as follows: 
"In any dilute sol'n satur. with PbCli, (Pb+-^)X(C1-)*- satur. value. NH4CI 
added to such a sol'n causes, owing to ita ionisation into NH4'*' and CI", an increase 
in (CI~), and therefore raises (Pb*^) X (Cl~)^ above the saturation value, so that 

13 
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VtCk ppts." (AU oUur questunu as to the tffed of one eubetanee on the eoUMUif nf 
(mother eubetaneeahauid be answered in a Htnilar way. AUoaye eonaider the tffect whieh 
the added avheUmce may hone on the coneenXrai^ 
the eohition ia eatwratedf and eiaie thereaaonfor any auch t(ffect,) 

7. Calciilate by the solubility-product principle, from the fact that the solubility 
of PbClf in water at 2(f is 0.070 normal, what its solubility would be in a solution 
0.16 noimal in chlorid&4on (which is approximately the ehloride-lon concentration 
in a 0.2 normal NHiCl solution). Assume the PbClt to be completely ionised. 

8. From the data given in Question 6 calculate how many millifframB of lead 
would have to be present in 40 cc. water at 20% in order that any precipitation of 
PhGls may result on adding to it 10 cc. 1-normal NH4CI solution. 

0. In the precipitation of bismuth by the NH4CI solution, what ion -concentration 
product comes into consideration? What must be true of its value in order that 
bismuth may be precipitated? Explain why increasing the HNO«-conoentration 
increases the quantity of bismuth that remains in solution. 

10. Tlie solubility of AgCl at 100^ is 0.022 g. per liter. Calculate how many 
milligrams of silver might be lost if the chloride precipitate were washed with 
100 cc. boiling water. 

11. In testing for lead in P. 13, explain why the addition of an excess of BE^04 to 
)he solution diminishes the solubility of the precipitate, and thus increases the deli- 
cacy of the test. 

12. What other elements besides lead might be precipitated by adding H2SO4 to 
a solution in which they were present? Since these other elements are predpitable 
by HiSOi, why does the formation of a precipitate in P. 13 show the presence of 
lead? 

13. Explain by the solubility-product principle why the formation of the complex 
salt Ag(NHs)i'^Cl~ causes AgCl to be much more soluble in NH4OH solution than 
in water. (Answer in accordance with the Note on Question 6.) 

14. Formulate the mass-action expression for the equilibriiun between the com- 
plex cation Ag(NH]|)s'^ and its constituents. Show by reference to this expression 
and the solubility-product principle why the addition of HNOs causes AgCl to be 
precipitated out of its solution in NEUOH. 

Experiments 3 and 4. — 1. In precipitating with HsS in P. 21 what is the reason for 
adding 5 cc. HNOs and diluting the solution to 100 cc.? Why not use less acid and 
thus avoid all risk of failing to precipitate the elements of the copper and tin groups? 

2. In passing HaS into a Cu(NOs)s solution, at what stage in the process does 
the solution after shaking begin to smell of the gas? 

3. What principle determins how the quantity of HsS dissolved by a given 
quantity of water varies with its partial pressure? What would its partial pressure 
be in a mixture made by mixing 1 volume of HtS with 4 volumes of air, each at a 
pressure of one atmosphere? 

4. Why would a larger quantity of an element have to be present in order to giv 
a precipitate if in P. 21 the solution were treated with H^ in an open beaker, in- 
stead of in the closed flask? 

5. Giv two reasons why a larger quantity of an element would have to be present 
to giv a precipitate if the solution were saturated with H3S at 80**, instead of at 20*. 

6. The solubility (in equivalents per liter) of freshly precipitated ZnS in water is 
about 100 times as great as that of CdS. Calculate by the principles discussed 
in Note 4, P. 21, the ratio of the hydrogen-ion concentrations at which the predp- 
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liatHxn of cadTninm and sino wiD barely take place when the ooncentratioQ of 
each of them has any definit value (for example, 0.0001 equivalents per liter). 

7. The pressure-volume relaticHia of perfect gases are expressed by the equation 
p 9 / T » 82 AT, when the pressure p is in atmospheres, the volume p in cubic centi- 
meters, and the temperature T in centigrade-degrees on the absolute scale, and 
when the quantity of the gas is N gram-molecular-weights. Calculate the number 
of cubic centimeters of HsS at 25^ required to precipitate 500 mg. of copper. 

8. By what reaction is the HNOs destroyed when the arsenic solution to which 
HCl has been added is evaporated to dryneBB? Could HCl be destroyed in the same 
way by evaporating a solution of chloride with HNOs? 

0. n the HNOi were not so destroyed, what would happen when the HaS is 
passed into the hot, strongly add solution? 

Experfanent $• — 1. What substances besides ferric salts might be present which 
would cause precipitation of sulfur in P. 21? 

2. Write the equation expressing the reaction between each of these substances 
and HsS, balancing the equations by the method described in Note 7, P. 21. 

3. Write by the same method the equations expressing the oxidation of H|3> in 
one case to sulfur and in another to H18O4, by hot fairiy oonoentrated HNQt, 
assuming that the HNOt is reduced to NO. 

Experiment 6. — 1. Make a table showing Iviefly in the first column the ehemical 
operations involved in analyzing a solution for mercury and lead (by P. 21 and P. 
81-34), and showing in a second and in a third column the behavior of these two 
elements in each operation. — '^Behavior" in this and later questions means both the 
effect observed and the chemical compoimd produced. Thus, the first two operations 
and the results of them should be entered as follows: 

Operation Behavior of Mercury Behavior of Lead 

Satur. with BS- Black ppt. of HgB. Black ppt. of PbS. 

Boil with 2-n. HNQi. No change. Ppt. diss., forming ooloriesB 

sornofPb++(NO|-)t. 

2. Make a similar table showing the operations involved in analysing a solution 
for bismuth, copper, and cadmium (by P. 21, 31, 33, and 35-38), and showing the 
behavior of these elements. 

3. Explain by the solubility-product principle the fact that CuS, which is only 
slightly soluble in hot dilute HCl, dissolves readily in hot dilute HNOi of the same 
concentration. 

4. Write the equation expressing the dissolving of CuS in the HNOt. 

5. Why is a black residue left undissolved by HNOs not suffident evidence of the 
presence of mercury? 

6. Suggest a reason why in the confirmatory test for mercury the addition of HCl 
with the SnCb tends to prevent the inmiediate reduction of the HgsCh to Hg. 

7. Why does the evaporation with HsSOi convert the salts present into sulfates? 
Could sulfates be converted into nitrates by evaporating with a large excess of 
HNOs? 

8. Explain with reference to the solubility-product prindple why PbSOi is much 
more soluble in dilute EENOs than in water. (HsSOi in dilute solution is dissociated 
almost completely into H"** and HS04~; but the latter ion is only to a moderate ex« 
tent dissociated into H*^ and SOr). 

0. What effect, as compart with that of HNOs, would HCl have on the solubility 
of PbSOi? What effect would KNOs have? Giv reasons. (KSOa in dilute s6lu- 
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tion, like other unibivaleiit salts, but unlike BE^Oi, is almost completely ^i«ipA"f|3^wi 
into the simple ions, K"*" and S04~, with fonnation of only a small proportion of tbe 
intermediate ion, KS04~.) 

10. Explain by the solubility-product principle why the fact that FbAoi is a slightly 
ionised substance should cause PbS04 to dissolve much more readily in NHiAc solu- 
tion than in water. 

11. Would you expect PbCiOi also to be more soluble in NHiAc soluticm than 
in water? Why or why not? if bo, why does PbCi04 precipitate from the same 
NH4A0 solution that dissolves PbS04? 

12. Arrange all the compounds of lead thus far met with in the order in which their 
solubility in water decreases. 

13. If in an actual analysis a precipitate of BiOCl formed on diluting the solution 
before paasing in HsS in P. 21 and that precipitate were filtered off, would a bis- 
muth precipitate be obtained with NHiOH in P. 35? if the BiOCl were not filtered 
off, would any change occur in it on passing in H|S? 

14. Explain with the aid of the mass-action expressions involved why Cu(OH)t» a 
substance very slightly soluble in water, is not precipitated by the NHiOH. ffliow 
that the presence of the (NH4)iS04 in the solution must diminish the tendency of it 
to precipitate. 

15. If the lead were not removed by the addition of BE1SO4, would it be precipitated 
as Pb(OH)s on the addition of NHiOH? What knowledge in regard to lead com- 
pounds would enable one to predict whether or not this precipitation would take 
place? 

16. Write the equations expressing the formation of Na«SnQt from SnGlt and 
NaOH; also that expressing the spontaneous decomposition of NasSnOi into tin 
and Na«SnQt; also that expressing its action on BiOsHs. 

17. Lead hydroxide, like Sn(OH}t, is an amphoteric substance. What is meant by 
this statement? What experiments might be made to determin whether it is true? 

18. If K4Fe(CN)6 be added in P. 37 to the ammoniacal solution (without neutralis- 
ing it with HAc), no precipitate is produced unless a fairly large quantity of copper 
is present. Explain this fact. 

10. Show from the solubility-product expressions that, if Gd2Fe(GN)6 is much more 
soluble than CusFe(CN)6, the former can not be precipitated till enough K4Fe(GN)c 
has been added to precipitate practically all the copper. 

20. What change is observed which shows that the complex copper-ammonia ion 
is completely decomposed when KCN is added to the solution? 

21. CdB is much more soluble in water than CusS. Why is CdS predintated 
by HaS from the KCN solution, while Cu^ is not? 

22. In dissolving the sulfides in P. 31, if a HNOi solution stronger than 2-normal 
were used, or if the solution were boiled too long, and in consequence some mercury 
dissolved, how would it behave in the subsequent Procedures? 

23. If in evaporating the EENOi solution with HsS04 in P. 33 the evaporation 
were stopped before all the HNOi was expelled, what effect would this error have 
on the tests for lead, bismuth, and cadmium? 

Experiments 8-9. — 1. Write chemical equations expressing the two stages of 
the hydrolysis of (NH4)sS. Explain by the ionic theory and the mass-action law 
why this hydrolysis takes place, taking into account the fact that water is ionised 
to a slight extent into H"^ and OH". 
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2. ^rite the equations e]q;>re8Biiig the action of HCl on a solution of ammonium 
monosulfide, and on one of ammonium polysulfide (regarding the latter as (NH|)A)- 

3. Write equations expressing the behavior of a solution of Adds when treated 
in succession with "HS ^^ P- 21, with ammonium polysulfide in P. 22, and with HCl 
in P. 23. 

4. Explain by the solubility-product principle why the addition of HCl to a so- 
lution of rNHi)9SnSs causes the precipitation of SnSs. 

5. Make a table showing the solubility of each of the sulfides of the copper and 
tin groups in both anunonium monosulfide and anmionium polysulfide. Indicate 
in each case whether the sulfide is readily soluble, slightly soluble, or practically 
insoluble. 

6. Why does not BitSs dissolve in (NH4)|S, just as Sb& does? Why does not 
SnS dissolve in anmionium monosulfide as well as in anunonium polysulfide? 

7. Why not use in all cases ammonium polysulfide, since this readily dissolves -all 
the tin-group sulfides? Why is the precipitate first treated with a small quantity 
of it, even tho this makes necessary a second treatment? 

8. Why does the teaadenisy of copper to form the complex copper-ammonia ion 
not cause CuS to dissolve in NH^H? What must be the explanation of the fact 
that some CuS dissolves in ammonium polysulfide? 

Experiment lo.— 1. Describe specifically the differences in the behavior of the 
sulfides of arsenic, antimony, and tin on which the separation of these three de- 
ments is based. 

2. In treating the sulfides with 12-normal HCl why does much more AaA dis- 
solve if the solution be aUowed to boil? Why does it boil at so low a tonperature 
as5a-6(f? 

3. Write by the method described in Note 7, P. 21, the equations expressing the 
wjtion of HCl on KClOa by which Ck is produced and that by which ClOi is pro- 
duced. 

4. Explain why the Cli set free by the addition of the KClOa causes the AaA 
to dissolve even in the dilute HCl. 

5. What is the expression for the solubility-i[>roduct in the case of MgNH4As04? 
Why does it dissolve readily in HCl? 

6. Why does the hydrolysis of this salt increase its solubifity? Why is that 
hydrolysis decreased by an excess of NH4OH? How is the hydrolysis affected by 
the presence of NH4d? Would NH4CI affect the solubility in any other way? 

7. What is a saturated solution? a supersaturated one? By what treatments can 
a precipitate be made to separate from a supersaturated solution? 

8. What difference in the ionization causes the behavior of arsenic add towards 
HfS to be different from that of other elements of the copper and tin groups? VHiat 
causes its own behavior to be different in dilute and concentrated HCl solutions? 

9. Write the series of reactions which take place when Hi3 is passed into a dilute 
HCl solution of HsAsOi. State what b known about the rate or equilibrium of 
each of these reactions. 

10. Explain why antimony precipitates on the platinum rather than on the tin, 
and state how would the result be different if the tin did not touch the platinum? 

11. Why does the tin dissolve in HCl more readily when it is in contact with the 
platinum? 



18 QUESTIONS ON THE EXPERIMENTS. 

12. In the confirmatory test for tin, why is lead used instead of iino? 

13. If zinc were used, how would the procedure have to be modified? 

14. In the confirmatory test for tin how does the procipitation of a meroury com* 
pound show the presence of tin? 

15. If the antimony were not all precipitated in P. 44 on passing ^3 into the hot 
solution, how would it behave in the subsequent procedure (P. 46) in which the 
tin is precipitated and its presence confirmed? 

Experiment I2. — 1. In an actual analysis how many cubic centimeters of NHiOH 
would be required to neutralise the 5 cc. HNOi that are added before precipitating 
with HsS? 

2. How much more NHiOH would be needed to neutralise the solution if 600 mg. 
Cu had been present in the form of Cu(NOs)s in the solution precipitated by HaB? 
(In an such calculations of the volume of the reagent needed, first reduce the 
weight of the constituent from grams to equivalents.) 

3. How does testing the vapors above the solution with FbAcrpaper show that 
an excess of (NH4)sS, a non-volatil salt, has been added? 

4. If in an actual analysis the mixture containing NH4OH and (NH4)|S were 
allowed to absorb COs from the air before filtering, what difference would it make? 

5. Why is the (NHOiS precipitate treated first with cold HCl? Why is HNOg 
subsequently added? 

Bjperiments 13 and 14. — 1. Which elements are soluble, a, in excess of NHiOH 
(in the presence of NH4CI), but not in excess of NaOH; 6, in excess of NaOH, but 
not of NHiOH (in presence of NH4CI); e, in excess both of NH4OH and of NaOH; 
d, neither in excess of NaOH nor of NH4OH (in presence of NH4CI)? 

2. What are the explanations of the four typical cases a, 6, e, d, referred to in the 
preceding question? 

3. Could the hydroxide of an element which does not form a complex ammonia 
cation be soluble in NH4OH and not in NaOH? Could an amphoteric hydroxide 
be readily soluble in NaOH and entirely insoluble in NH4OH? 

4. Show by formulating and combining the two mass-action equations involved 
that the quantity of aluminum dissolved (as AlO^') in the presence of a base is pro- 
portional to the 0H~ concentration in the solution. 

5. Name all the elements that form ammonia complexes in all the groups thus 
far considered. What can be said as to the position of these elements in the periodic 
system? (Refer to a text-book of Inorganic Chemistry.) 

6. If in an actual analysis no precipitate is obtained on the addition of NH^H» 
what conclusion may be drawn? 

7. Which of the hydroxides precipitated by NaOH undergo change on the addi- 
tion of NaoQi, and into what compound is each of these hydroxides converted? 

8. What substances are produced by the action of NaaQi on water? 

Experiment 15. — 1. What does Expt. 15 show in regard to the bdiavior of the 
alkaline-earth elements in an actual analysis? 

2. What must be the explanation of the fact that the phosphate combines with 
the iron rather than the calcium when both these elements are present? 

3. If phosphate is known to be present, is it necessary to test for alkaHne-earth 
elements in the filtrate from the (NH4)2S precipitate? 

4. If the original substance were soluble in water, would it be necessary to test 
for these elements in the (NH4)2S precipitate? 
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5. If CaOOt were Bubstituted for CatCFOOt in the first part of Ezi^t. 15, what 
would the result have beeuT 

6. If a solution of Cai(P04)s in HCl were treated by the second paragraiA of 
P. 52, what would happen on the addition of each reagent? What would happen. 
If a large proportion of FeOt were also present in the phoq>hate solutionT 

E^eriment x6. — 1. Make a table (like that described in Question 1 on £]q;>t. 6) 
showing the operations inyolyed and the behavior of the chromium and sine in 
analysing a dilute HNOi solution of ZnCiOi, beginning with the BS precq>itation 
(P. 21) and continuing through the analysis of the aluminum-group (P. 51-57). 
At the foot of the table write all the chemical equations involved. 

2. In separating the aluminum from the chromium and sine with NH4PH in P. 
53, what would be the harm of adding too small an excess? what of adding too 
large an excess? 

3. By what reagent other than BaCb could the chromate be precipitated? What 
disadvantage would there be in the use of this reagent? 

4. How can sulfate be present in the solution to which BaCb is added? 

5. How could a precipitate of ZnS be distinguished from one of sulfur by adding 
a suitable reagent to the liquid containing it? 

6. What happens to nitrates, such as Zn(NOi)s or Go(NO|)s, when they are ignited, 
as in the confirmatory test for sine? 

E^eriment 17. — 1. What are the oxides of manganese corresponding to its three 
stages of oxidation occurring in P. 61 and 62? What is the valence of manganese 
in each of these oxides? How do they differ with respect to the formation of salti 
with adds and with bases? 

2. Make a table (like that described in Question 1 on Expt. 6) showing the 
operations involved and the behavior of manganese in analysing a dilute HNOji 
solution of C!aMn04, beginning with the HiaS precipitation and continuing throuj^ 
the final test for manganese (thus involving P. 21, 51, 52, 61, and 62). Write also 
all the chemical equations involved. 

3. Why is a considerable excess of NHiOH added in precipitating the inm in 
P. 64? 

4. If FeS were treated by P. 31-38, how would it behave with each of the reagents? 

5. Why is it necessary to test for sine in the analysis of the iron-group? 

6. Why may sine be precipitated by NaOH and NasQi in the first treatment 
(in P. 52), and yet not be precipitated by them in the second treatment (in P. 67)? 

7. When the original NasQi precipitate is so small that it need not be tested for 
sine, how may P. 67-68 be simplified? 

& When the HsS precipitate obtained in P. 66 is 'small, how may P. 67-68 be 
simplified? 

Experiment x8. — 1. If the HsS and NaaOi prec^itates were not washed free from 
ammonium and sodium salts before dissolving them in P. 68, what mig^t happen 
iQxm the addition of the HQ-ether reagent? 

2. Suggest an eiq>lanation of the fact that, tho NiQs is precipitated as a yellow 
compound by the HCl-ether reagent, it has a green color even in very concentrated 
aqueous solution. 

3. Suggest any possible differences in the molecular state of CoCls, whidi mig^t 
account for the facts that it has a pink color, like that of Co(NO|)s, in a dilute 
aqueous solution, and a blue color in an ether solution or a concentrated aqueous 
solution saturated with HCL 



20 QUESTIONS ON THE EXPERIMENTS, 

4. Name all the elements thus far oonsidered which in any state of oxidatioii foim 
oolored compounds in solution. What can be said as to the positi<»i of these 
elements in the periodic system? 

5. Write equations ejqureesing the steps in the chemical process by which the pre- 
dpitato of potassium oobaltinitrite may be oonsidered to be fonned. 

6. Does the NOi' coming from the excess of KNOs diminish the solubility of the 
precipitate in the same way as the K^ does? What else, from a mass-action stand- 
point, might it be expected to do? 

Sxperimtnt Z9« — 1. Why must the HNOi be removed before testing for iron with 
KSCN? 

2. Make a table showing the operations involved and the behavior of Cas(P04)t 
in analysing a HNOi solution of it by P. 51-52, P. 61, and P. 65. 

8. Why does the NH4A0 solution become red only when the quantity of iron is 
more than equivalent to the quantity of phosphate present? 

4. What is meant by a basic salt? What are two possible simple formulas for 
basic ferric acetate? 

Sxparimtnt ax. — 1. What does this experiment show as to the precipitaticm by 
(NH4)«0Qi of magnesium and of the other alkaline-earth dements (wliich all behave 
nearty as caldum does)? 

2, Why would a reagent which consisted of NHiHCX)! not be suitable for the 
predpitation? 

8. Why is there any advantage in adding more NHs than oorrespoods to the nen- 
Ual salt (NH4)sCX)i? 

4. If it were desired to work out a procedure for separating caldum, barium, and 
■Iro&tium from magnedum by means of (NH4)sO0^ whaX experiments would one 
naturally make? 

Bip t tim tnt aa. — 1. In order to make a separation of 1 mg. barium from 500 mg. 
•Irontiumi iHiat must be the concentration of CK)4~, stated with l e fe ie p ce to the 
«aturaUon-values of the ion-conoentimtion products of BaOtOi and StOOi? 

2, What must be true of the rdativ values of these two saturatioii-vahies in ofder 
thai this sipparaUon may be poadble? What is the aetual ratio of these two vahies? 
^Sm» the T^Oile of Solubilities on page 124.) 

8. Write the diemical equations for the conversion of diromale-iron into bydro- 
«hroinale4on, and for the conveidon of the latter into birhramate ion. Write also 
the mmn artinn Expressions for the equilibrium of these reacCiona. Show by them 
irtuat detenniDS the proportion of OO4'' and of HOO«~ in any sohition, and what 
deleradns the eoncentralion of 0^~ in any solution. 

4. In praciia what three substances must be added in proper proportioDS in order 
to secure the right CtOi* concentration in the solution? 

8k Why is the SNond Ki(M>4 predpitase obtained in the eoDfiimatofy test for 
barium more oondadv evidenoe of its presenee than the firK KSOO4 pi e tipita ft e? 

e. On adchtion of KH/)H in P. $4 iHiat diemical change caiieis Uie change in 
0alor f r\YU onniBe to ^rdkyw? Why from a mwn artion standpoint does the a ih liti un 
<^ NliiOll canae this change to take pbfoe? Why does thi» change cause a tmatium 
to precipitate? 

7. li^!^4dn hdty with i d <ten«e to the murmtioft-TahMe of the Jon-cgneem ration 
pii»diict» why the oariMUAe^hromale boxcuiy wed in P. SS doei not affeci BaCkOb 
and why it ci M Ter ts StOOi into 
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8. Why does GaC^4 dissolve in dilate H^SOi, but not in HAc? 

9. How does the oonfirmator} test for oaldum diBtingiiiwh it from barium aiid 
Btiontium, which form much less soluble sulfates? How does it ^iiwf.ingiii«h oaldum 
from magnesium? 

10. Could magnesium be predpitated •by any other reagent in the form of a com- 
pound dosely analogous to magnedum ammonium phosphate? 

11. Why is the production of a predpitate with NatHPOi in the confirmatory 
test for magnedum (in P. 89) more condudy evidence of its presence than the 
production of the first Na«HP04 predpitate (in P. 88)? 

Experiment 23. — 1. If the ammonium salt were not completely removed by the 
ignition, how would it behave in the subsequent tests for potasdum? 

2. Why is the sq>aration of potasdimi and sodium by the HC904 method satis- 
factory when these dements are present as chlorides or nitrates, but not ^en they 
are present as sulfates? Why is it satisfactory when they are present as phos- 
phates? 

3. What is implied by the statement that Na«Co(N02)6 is a complex salt in 
solution? 

4. How might a solution of Na8Go(NQi)6 be prepared, judging from previous expe- 
rience with an analogous compound? 

Experiments 36 and 37. — 1. Describe in detail the method by whidi it can be 
ahown that the magnetic oxide of iron (Fefi^ contains both ferrous and feme iron. 

2. Describe a method by which it can be shown that a solution contains both 
mercurous and mercuric salts. 

3. What indications of the state of oxidation of tin would be afforded by the 
treatment with HjS in P. 21, and with (NH4)iS in P. 22, of a solution of SudiT of 
solution of SnCJU? 

4. What other constituents beddes iron, mercury, and tin exist in two stages of 
oxidation in the form of salts? Giv the symbols of compounds illustrating these 
two states of oxidation. 

5. Mention any phenomena that might be observed during the course of analysis 
which would Hiatingiiiah from each other the two stages of oxidation of each of the 
constituents named in the answer to Question 4. 

Experiments 38 and 39. — 1. What indication of the state of oxidation of arsenic 
may be obtained in the course of the analysis for the bade constituents? 

2. What do the facts that concentrated HCl converts much HsAd^s, but very 
little HsAsOi, into the corresponding chloride diow as to the ionisation of these two 
substances? 

3. What reaction occurs when the CUSO4 solution is poured into the hydrogen 
generator in P. 99? How does the addition of the CUSO4 acoderate the evolution 
of hydrogen? 



22 QUESTIONS ON THE EXPERIMENTS. 

DBTBCnON OF THE ACIDIC CONSTITUBNTB. 

Experiment 31. — 1. With the aid of the laboratoiy eiqmeQee and the etalement 
as to aolubilities on page 31 arrange the barium salts of the acidie oonstitaents listed 
<»i page 94 in four groups oomprising respectiyly: those readily soluUe in water; 
those only slightly soluble in water, but readily soluble in HAc; those <xily slightly 
soluble in HAc, but readily soluble in dilute HC9; and those osiy slii^tly soluble in 
dilute HCl. 

2. Explain the following facts with reference to the ionisation-values given in the 
Table <»i page 123: a, a precipitate of BatCPOOs is converted into one of BaED^4 
by a nearly equivalent quantity of HAc; 6, BaHFOi is readily soluble in an ezoess of 
HAc with formation of BaCHjPOOs and BaAoi; e, BaHF04 is readily soluble in dilofte 
HCl with formation of HsPOi and BaCb; d, BaSQs is not much more soluble in 
HAc than in water, but is readily soluble in dilute HCl; e, BaCi04 is not readily 
soluble in HAc, even tho HCi04~ is very slightly ionized. 

3. State how fluoride when present in large quantity behaves in each st^ of P. 
102; and explain this behavior with reference to the ioniiation of HP and the solu- 
bility-values given in the table on page 124. 

4. What other acidic constituent besides fluoride is shown by the solubility-taUe 
on page 124 to form a calcium salt less soluble than the barium saltT Show by 
reference to the solubility and ioniaation values involved how this constituent 
(in comparison with fluoride) mi^t be expected to behave in each step of P. 102. 

5. Suggest a reason why chromate, tho included in P. 102, is not added to the mix- 
ture (of NaaS04, Na^SOs, and KF) used in Expt. 31 in illustrating that Procedure. 

Experiment 32. — 1. What disadvantage would there be in substituting Pb(NO|)t 
for Cd(NOt)s in the test for sulfide in P. 1037 

2. Arrange the silver salts of the acidic constituents listed on page 94 in three 
groups comprising respectivly: those readily soluble in water; those only sli|^t|y 
soluble in water, but readily soluble in dilute HNOi; and those only slii^tly solablft 
in dnute HNOs. 

3. Explain by reference to the solubilities of the salts (as given in the Table oa 
page 124) and the ioniiations of the corresponding adds why each of the salts in the 
second group referred to in the previous question dissolves in dilute HNO|. 

4. Explain why the silver halides do not dissolve in dilute HNO|. 

5. Explain why AgiS is only sli^tly soluble in dilute HNOs, even tho the ionisatioo 
of HS' is extremely small 

6. Explain why Ag!2(CN)i is only slightly soluble in dilute HNOs, even tho HCN 
is only very slightly ionised. 

7. Why would it not be satisfactory to precipitate (and thus partially identify by 
their color) the silver salts which are soluble in dilute HNOs, but not in water, 1^ 
adding to the filtrate from the silver halides an excess of NaOH? Why not by adding 
an excess of NH4OH7 

Experiment 35. — 1. State the principles involved in the process used for the detec- 
tion of the three halides in the presence of each other. 

2. Does the fact that only a very small quantity of bromin is liberated in the first 
step of the process mean that the reaction between the bromide and EIBlnOt is in 
equilibriimi under the conditions prevailing in the solution? 

3. What is meant by the statement that a reaction is in equilibrium? How would 
one proceed to determin whether a given reaction-mixture is in equilibrium? 
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4. If the mixture of KBr, NaAc, HAc, and KMnOi were allowed to stand a day 
or a week, what would happen? 

5. Why must the iodin set free in the first part of the process be completely 
extracted by the chloroform? 

6. Why is HsSOs added in the last part of the process? Write the equation for 
the reaction which it causes. 

7. Why is HNOt added with the AgNOi at the end of the process? 

Experiment 37. — 1. What two things determin whether or not an acid passes oyer 
into the first distillate? 

2. Show by reference to the mass-action expressions for the ionisation of the two 
acids what determins the extent to which an acid is displaced from its salt by another 
acid, taking K'^CN' and H^H2P04~ as an example. 

3. Explain by reference to the ionlzation-values involved why BaCOs dissolves 
on adding HAc, and why BaSOs does not. 

4. Show how phosphoric, pyrophosphoric, and metaphosphoric acids are related 
to one another in composition. 

5. If a compound of an element forming an insoluble phosphate (for example, 
CaCXDs) were distilled with H3PO4, would the insoluble phosphate separate in the 
distilling flask? Explain why or why not. 

6. If H2SQ8 is found in the first distillate, which of the other substances that may 
be in that distillate is it unnecessary to test for? Write the equation for the reac> 
tion which would take place between lEL^h and each of these substances. 

7. If ^any of the HsPOi were thrown over mechanically into the first distillate, 
what erroneous conclusion might be drawn in connection with P. 111? 

Experiment 38. — 1. What different constituents of the original substance may 
giv rise to sulfur in the distillate? what ones to sulfurous acid? 

2. Show that H3PO4 which had been thrown over mechanically into the first dis- 
tillate would not interfere with the tests for sulfite in P. 112. 

Experiment 39. — 1. What different constituents in the original substance may 
giv rise to chlorin in the first distillate? Write chemical equations illustrating its 
production from each of these constituents. 

2. What different substances that might be present in the distillate would cause 
iodin to be set free on the addition of KI? 

3. What conclusions could be drawn from the tests of the first two paragn4>h8 
of P. 113 as to the presence or absence of each of the three halogens in a distillate 
containing the following halogens: a, I2, Bi>2, and Cls! b, Bt^; c, CI2; d, no halogen? 

4. Explain the fact that iodin is extracted by chloroform more slowly from an 
aqueous solution when it contains iodide. State the law that determins the quan- 
tity extracted. 

5. Write chemical equations illustrating the process by which a small quantity of 
HNO2 liberates a large quantity of iodin from KI. 

Experiment 40. — 1. Write the chemical equations involved in the test for cyanide. 

2. Into what compoimds is K4Fe(CN)6 decomposed when it is distilled with H«P04? 

3. Referring to the results of Expt. 26 with ferrous and ferric salts, suggest how 
a ferrocyanide could be distinguished from a ferricyanide by tests applied to a solu- 
tion of the original substance. 

Experiment 41. — 1. To what extent is the analysis of the second distillate sim- 
plified when AgNOi givs no precipitate? 
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2. Some HsP04 may pass over into the second distillate. Would AgiF04f ^wiiieh 
is only slightly soluble in water, precipitate in the AgNOs test, and thus obscure the 
test for the other constituents? 

3. When is it necessary to test the second distillate for sulfide? 

4. Explain by the mass-action principles why a sulfide may giy off an i^ypredable 
qwuitity of HsS only in the second part of the distillation. 

5. What constituents in the substance are likely to giv rise to chlorin in the second 
distillate? to bromin? to iodin? 

Experiment 42. — 1. Why not test for boric add in the distillates obtained in the 
HsFOi distillation? 

2. What is the advantage in P. 121 of distilling the borate with EU304 and CEbOH. 
rather than with HsSOi with water? 

Experiment 43. — 1. Why must all the substances used in the test for fluoride be 
' thoroly dry? 

2. What happens to EZHSOi when it is heated? 

3. What are the main constituents of glass? What is the action of HF on it? 

4. Since HaSiOi is non-volatil, how can the deposit be driven up the tube by 
heating? 

5. OF what does the white deposit left after washing the tube with water consist? 

6. Show why it is appropriate to call the compound HsSiFc ''fluo-silicic " acid. 

7. Why is it not satisfactory to test for fluoride in the distillates obtained in the 
IUPO4 distillation? 

Experiments 44 and 45. — 1. If chlorate were present in the substance, what would 
hiqipen to it when treated by P. 124? 

2. Iodin is not completely reduced to ELI by FeSOi, the four substances Is, HI, 
fprrous salt, and ferric salt all being present in considerable quantity at equilibrium. 
If a solution containing ferric sulfate and KI were submitted to P. 124, what wouldv 
be the result? 

3. How might the distillation-process of P. 124 be modified so as to detect in 
two steps, first, the presence of nitrite, and second, when it is absent, the presence 
of nitrate? 

Experiment 46. — 1. What different substances are present in the solution pro- 
duced by acidifying the NaOCl solution with HAc? 

2. What advantage would there be in making the hypochlorite test in alkaline 
solution, rather than in HAc solution? What disadvantage? 

3. Assiuning that the oxidation of the PbAoi to PbQi is caused by HOCl, but not 
by Ckt explain why the oxidation does not take place in a solution strongly acidified 
withHNOt. 

Experiment 47. — 1. How may a chlorate giv off chlorin in the first part of the 
HsP04 distiUation? How in the second part? 

2. Write the equation expressing the reaction that takes place between NaOpl and 
NaAsOs. 

3. If the hypochlorite were not reduced, AgCl and AgClQs would be formed in 
the HNOs solution by the action of the Ck on the AgNOi. Write the equation ex- 
presdng this reacti<»i. 
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PBBPABATIOV OV THB BOLUTION. 



Siperfanenl 48. — 1. Of what etements is oigaiiic matter mainly oompoaedi and 
wbat eanaeB it to blaoken on heatingT 

2. Describe a method by which a siibetanoe migiht be tested for oiganio matter 
by eonvertiDg the carbon into carbon dioxide. 

8. Could a simp be tested for aluminum by dfluting it with water and analyiing 
the solution in the usual wayT Could it be so tested for iron? 

4. Name the difiFerent forms in which water may be present in a substance. 

5. If a substance were ignited at a red heat (for example, to destroy organic 
matter) before submitting it to analysis, what basic constituents would be lost? 

6. State how each of the following substances would behave in the closed-tube 
test: a, NatA804; b, MgNH4P04; e, FeSi; d, Fb(NOs)s; e, NaQiH^. 

7. What acidic constituents will be detected, when present in considerable quan- 
tity, upon treating the substance with dilute BNOi? 

8. What is the behavior towards litmus of an aqueous solution of each of the 
following substances: Na2S04; Na«CQi; NaHCO^; NaHS04; Ca(N0k)2; Fe(NOk)tT 

9. Name the basic constituents whose salts are nearly all readily soluble in water. 

10. Name the basic constituents whose salts are decomposed by water, but dis- 
solved by dilute acids. 

11. Name the acidic constituents whose salts are all or nearly all readily soluble 
in water. 

12. Name the addic constituents whose salts (except those of the alkali elements) 
are neariy all very slightly soluble in water. 

13. Of the groups of salts named in the answer to Questi<»i 12, which are readily 
soluble in cold dilute HNOi or HCl? Why? 

14. In a substance soluble in water which has been found to contain barium, whidh 
of the following constituents would it be unnecessary to test for: nitrate, phoq[>hate, 
sulfide, sulfite, chloride, sulfate, carbonate? 

Bxperiments 49 and 50. — 1. What group of salts not dissolved by cold dilute 
HNQi are decomposed by hot concentrated E[NQ|, because of its oxidizing action? 

2. State what happens (that is, what chemical changes occur and what phenomena 
are observed) at each step of the process when PbSiOi (which is decomposed by 
strong adds) is treated by P. 3. 

3. State what happens at each step, namdy, on heating with strong HNO|, <»i 
evaporating to dryness and adding cold dilute HNQi, and on heating the reddue 
with strong HCl, when each of the following substances is treated by P. 3 and 4: 
a, SbsSs; b, MnOs; c, PbS04. 

4. What metallic elements are scarody ever found in alloys? How may the 
process of analysis therefore be shortened? 

5. If there is no reddue after treating an alloy by P. 3, ^diat does it show as to 
the absence of certain dements? 

Bxperiment 51. — 1. State what hi^pens to each of the substances whose sym- 
bols are given imder b in Table I on fusing it with NasCOti on treating the fused 
mass with water, and on treating the reddue with dilute HNOi, as described 
in P. 7. 

2. What are the only addic constituents that it is ordinarily necessary to test for 
in minerals? 
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3. State what happens to each of the substanoeB whose symbols are given under 
b in Table I when it is treated, as in F. 5: (1) with concentrated HtS04; (2) then 
with HF; (3) then, after evaporating to turning, with water. 

4. State what happens to feldspar (potassium aluminum silicate, an example of 
a silicate not much decomposed by adds other than HF) when it is treated by P. 5. 

5. Explain with reference to the solubilities of the substances involved why 
FbS04 is completely converted into PbCO^ by boiling with NasCO^ solution in 
P. 6; and why BaSOi, when much of it is present, is only partly converted into 
BaCQs by the same treatment. 



PART II. 
THE SYSTEM OF ANALYSIS. 



PREPARATION OF THE SOLUTION. 



PRELIMINARY EXAMINATION. 

Procedure i. — Preliminary Examination. — If the substance is a 
non-metallic solid, note its color, odor, and texture; examin it with a 
lens to determin whether it is heterogeneous, and, if so, note the appear- 
ance of its constituents. To determin whether organic matter or 
water is present and to get other indications, heat gently at first, 
then strongly, about 0.1 g. (0.1 gram) of the finely powdered substance 
in a bard glass tube (of about 0.6 cm. bore and 10 cm. length) closed 
at one end. Note whether the substance blackens, whether a tarry, 
aqueous, or other deposit forms on the cold part of the tube, and 
whether any odor is emitted. If organic matter is thus proved to be 
absent, pass to P. 2 (Procedure 2) ; if proved to be present, to P. 8. 

If the substance is an alloy, treat it by P. 3. 

If the substance is a solution, evaporate a measured volume of it 
to dryness in a small weighed dish, dry the residue thoroly at 120- 
130^ in a hot closet or by keeping the dish in motion over a small 
flame, and weigh the dish again. Heat a portion of this residue in a 
closed tube as described above. Treat another portion by P. 2 if 
organic matter is absent, or by P. 8 if organic matter is present. 

Notes. — 1. When a complete analysis in the wet way is to be made, it is 
usually not worth while to make a more extended preliminary examination in 
the dry way. The closed-tube test is, however, essential, in order to show 
whether organic matter is present; for certain kinds of organic matter, 
especially sugars and hydroxy-acids, such as tartaric, citric, and lactic acida, 
prevent the precipitation of the hydroxides of most of the elements by alkalies. 
Such organic matter must therefore be detected and removed in order to ensure 
the precipitation of aluminum and chromium by NH4OH. Moreover, a large 
quantity of organic matter of any kind interferes with the execution of the 
analysis; for example, with the operations of solution, filtration, and evapora- 
tion. Alloys do not contain organic matter or water; and therefore the cloeed- 
tube test need not be applied to them. 
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2. Blackening accompanied by a burnt odor or by the formation of a tarry 
deposit shows organic matter. Blackening alone does not show it; for copper, 
cobalt, and nickel salts may turn black on heating, owing to the formation 
of the black oxides. 

3. It is usually desirable to detennin whether water is a constituent of the 
substance, and, if so, whether it is present in large or small proportion. This 
can be done with a fair degree of delicacy by the closed-tube test, provided 
care be taken to keep the upper part of the tube cool during the first of the 
heating. Water may be present as so-called water of constitution, as in 
FeOsHs or Na^HFOi; as water of crystallization, as in MgS04.7H^; as enclosed 
water, as in some hydrated silicates like the zeolites or as mother-liquor within 
crystals; and as hygroscopic moisture on the surface. Water of constitution 
may be expelled only at a fairly high temperature, while in the other forms it 
is seldom retained above 200^. 

4. The closed-tube test may also furnish evidence of the presence of certain 
basic and acidic constituents when they are present in considerable quantity. 
Thus all ammonium ealts and mercury compounds are volatilized much below 
a red heat. Anmionium salts and the chlorides of mercury giv a white subli* 
mate. Most other mercury compounds giv a gray one, oonsLsting of minute 
gbbules of mercury, made visible by a lens or by rubbing with a wire. Metallic 
As, AsiOt, and AssSs are also readily volatilized, forming black, white^ aiid yellow 
sublimates, reepectivly. Of the add-f orming elements or groups, free sulfur or a 
persulfide ia shown by a sublimate of reddish-brown drops, changing to a jrellow 
solid on cooling, and accompanied by odor of SOs; a moist sulfide, by the odor 
of HsS; a nitrate or nitrite, by brown vapors of NOs; free iodin or a decom- 
posable iodide, by a black sublimate of Is and by its violet vapor; a sulfite, 
by the odor of SOs; a peroxide, chlorate, or nitrate, by evolution of oxjrgen, 
recognized by its inflaming a glowing wood-splinter held in the tube; and a 
earbonate or oxalate, by the evolution of 00s, recognized by its causing tur- 
iHdity in a drop of Ba(OH)s solution. 

5. If the substance to be analyzed is a liquid, it is desirable to detennin 
by evaporation how much, if any, solid substance is present in it; for enoof^ 
must be taken for analysis to enable small quantities of the basic oonstitoentB 
to be detected. Moreover, if it is dissolved in a volatil organic solvent the 
latter must be removed by evaporation. 
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TabjmI, — ^Pbbparation of the Solution in thb cabm of Non-BAstaUiIC 

SUBBTANCSB. 



Heat the nibsUmce wOh footer and dUtUe HNOt (P. t). 



IfUaU 
disaoiveSf 
ireaithe 
wLvHcn 
by P. 11, 



If ii doea not ail diaaohe, add more HNOt, euaporaU, dry completely ^ 
add dUtUe HNOt (P. S). 



Substances 
deoom- 
posed: 
many sul- 
fides and 
silioates. 
Treat the 
eohUionby 
P. 11, 



Residue:* a, SbtOft, HfSnOs, MnOi, FbQi, HgS, PbCrOi, 
BaCr04. h, C, AfaOt, Ci^, AgQ, CaF2, FbSOi, BaS04, 

SrSOi, SiQi, and many silicates and fluosilicates. 
Heat with HCl or HCl and HNOt, evaporaU, add dihUe 

Ha (P. 4), 



Solution: 
substances 

under a. 

Treat by 
P,tl, 



Residue: substances under 6. 
Heai with H^Oi and HF, evaporate off 
the HF, add water, boU (P. S). 



Gas: 

SiF4. 



Residue: 
Pb, Ba, Sr,(Cr), 

as sulfates. 
Treat by P, 6. 



Solution: 
other elements 

as sulfates. 
TreatbyP.ll, 



^Ontj th* moft ^wmmon mtbt/tmoatm that mn likaly tobepmant in th* reridoeaw here iMtttioBed. 

Procedure 2. — TrecUmeni of NonrMetaUic Substances Free from 
Organic Matter. — Weigh out on a rough balance 1 g. of the finely 
powdered substance (see Note 1), add to it in a casserole 20 cc. 
water, heat the mixture to boiling if there is a residue, and test the 
solution with litmus paper. Add to the mixture 6-normal HNOi, a 
few drops at a time, till after shaking it becomes distinctly acid. 
Note whether there is an odor or effervescence. Then add, without 
filtering out any residue and without further heating, just 5 cc. 
6-normal HNO|. 

If the substance has dissolved completely, treat the solution by P. 11. 

If the substance has not dissolved completely, treat the mixture, 
without filtering out the residue, by P. 3. (See Note 8.) 

Notee, — 1. In order that difficultly soluble substances may be disBolTed* 
the substance must be reduced to a very fine powder. This is usually best 
accomplished by grinding the substance, a small quantity at a time, in a por- 
celain or agate mortar. With hard substances, and in general with 
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agate mortar should be used. As such a mortar is likely to be broken by a 
blow, the substance should be ground, not pounded, in it. 

2. The quantity of the substance taken for analysis should always be 
approximately known; for a good qualitatiy analysis should not only show 
the presence or absence of the various elements in the substance, but should 
enable their relatiy quantities to be estimated. Since 1 or 2 mg. of almost any 
element can be detected by this system of analysis, the presence of 0.1-0.2% 
of an dement wiU be detected when one gram of substance is taken, and this 
degree of delicacy is ordinarily sufficient. If much more than this quantity 
is taken, the precipitates may be so large that much time is consumed in fil- 
tering and washing them. Moreover, the directions given for some of the 
separations are based on the assumption that not more than 500 mg. of any one 
constituent is present. 

3. When the substance dissolves only partly in water, it is not worth while 
to filter ofif the residue and analyze it and the solution separately, unless special 
information in regard to the soluble constituents is desired. It is, therefore^ 
directed to treat at once with HNOs. The mixture is not heated after addition of 
the acid, so as to avoid oxidizing mercurous, arsenous, and ferrous salts. Only 
20 cc. of water are used so that the acid may be strong enough to prevent the 
hydrolysis of salts of bismuth and tin, and thus ensure their solution. 

4. Just 5 cc. 6-nonnal HNOs must be present in order that the acid con- 
centration may be properly adjusted in the subsequent H2S precipitation. For 
this reason, when the solution is alkaline or when a substance (like an undissolved 
oxide or carbonate) which neutralizes the acid is present, the solution is made 
distinctly acid before adding the 5 cc. of HNOs. 

5. If the aqueous solution has an alkaline reaction, the addition of an 
add may cause precipitation of any substance held in solution by an alkaline 
solvent; for example, sulfur or sulfides of the tin- group from an alkaline sulfide 
solution; silver chloride or cyanide from a potassiimi cyanide solution; silicic 
acid from sodiimi siHcate solution; or basic hydroxides from solutions in 
alkalies. These last substances redissolve when the excess of HNO| is added. 

6. An acid reaction of the aqueous solution towards litmus is due to hy- 
drogen-ion, which may arise from free acid, from an acid salt of a strong acid, 
or (by hydrolysis) from a neutral salt of a strong acid and a weak base. An 
alkaline reaction is due to hydroxide-ion, which may arise from a soluble hy- 
droxide, or (by hydrolysis) from a carbonate, sulfide, phosphate, borate, cyanide, 
or a salt of some other weak acid. 

7. When the acid is added to the aqueous solution, the evolution of any 
gas and its odor should be noted, since this indicates the nature of the acidic 
constituents present. Thus carbonates effervesce with evolution of OOt; 
sulfides produce the odor of HsS; sulfites and thiosulfates, that of SO*; and 
cyanides, that of HON. 

8. There are certain compounds (especially those of antimony and tin, the 
oxides of iron, MnOi, and BaCrOi) which dissolve more rapidly or in larger 
quantity in HCl than in HNOi. When a substance fails to dissolve completely 
in the dilute HNO^ and seems likely from its appearance or behavior to contain 
any of these compounds, it is therefore well to attempt to prepare an HCl solu- 
tion of it by proceeding as follows: To a fresh 1 g. sample of the finely pow- 
dered substance in a small flask add just 5 cc. 6~normal HCl; heat the mixture 
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nearJiy to boiling for 3-4 minutes, covering the flask with a watch-glass to pre- 
Tent evaporation; and then add 10 cc. water. If the substance has dissolved 
completely, reject the HNOi solution and residue, and treat the HCl solution 
by P. 21. Otherwise, reject the HCl solution and residue, and treat the HNO^ 
solution and residue by P. 3. — As to the reasons for reconmiending the use of 
HNOi, rather than of HCl, as the usual procedure, see Note 4, P. 3. 

9. The following general statements may be made in regard to the solubility 
of substances in water and dilute acids: 

All the ordinary salts of sodiimi, potassium, and anmionium are readily soluble 
in water. 

The salts of mercurous and mercuric mercury, bismuth, antimony, and tin 
are hydrolysed by water with precipitation of basic salts, which dissolve readily 
in dilute HNO| or HCl. 

The nitrates, nitrites, chlorates, and acetates of all the elements are readily 
soluble in water (except certain basic nitrates and acetates). 

The hydroxides, carbonates, phosphates, borates, arsenates, and arsenites of 
an the elements except the alkalies are only slightly soluble in water, but dis- 
solve readily in dilute HNO| or HCl. (Ba(0H)2, Sr(OH)s, and Ca(OH)s are, 
however, fairly soluble in water.) 

The chlorides, bromides, iodides, and thiocyanates of all the elements except 
lead, silver, and mercury, and the sulfates of all the elements except calcium, 
strontium, barium, lead, mercury, and silver are readily soluble in water. (In 
regard to the solubility of these and other salts of the alkaline earths and of 
silver and lead, see the Table of Solubilities of Slightly Soluble Substances on 
page 124.) 

Procedure 3. — TreatmerU of NonrMetaUic Substances not dissolved 
by Dilvie Nitric Add and of Alloys. — If the substance is non-metallic 
and has not dissolved in dilute HNOa, to the mixture obtained in 
P. 2 add 5 cc. 16-normal HNOi, and evaporate just to dryness. 

If the substance is an alloy, convert it into a form offering a large 
surface and treat 0.5 g. of it in a casserole with 10 cc. 6-normal 
HNOa. Cover the dish with a watch-glass, heat the mixture nearly 
to boiling as long as any action continues, adding a little 16-normal 
HNOa if action is renewed thereby, or a little water if crystalline salts 
have separated, and then evaporate just to dryness. 

Heat the residue obtained in either case at 100-130° until it is 

perfectly dry, by keeping the casserole in motion over a small flame. 

Loosen the residue from the dish and rub it to a fine powder with 

a pestle; add to it just 5 cc. 6-normal HNOs, cover the dish, and 

warm the mixture, taking care that none of the acid evaporates. 

Dilute with 20 oc. water, heat to boiling, and note whether there is 

any residue (see Note 7). If there is a residue, filter it out and wash 

H. (Residue, P. 4; solution, P. 11.) 

N0U8. — 1. On heating the HNOs solution, the presence of sulfides is indi- 
eated by the separation of sulfur as a spongy or pasty mass, which floats on 
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the surface and may be remoyed by means of a spatula or rod; and the pre s e nce 
of iodides is shown by the liberation of free iodin, which may separate as a 
black precipitate, which imparts a brown color to the solution, and whidi 
gives rise to violet vapors above it. 

2. When a silicate is decomposed by acid, silidc add may s^Mrate as a 
gelatinous predpitate, but even then a part of it always remains in solution, 
mainly as a colloid. When thoroly dried at lOQ-130% it is partially dehydrated 
and becomes entirdy insoluble. The HNQt add solution is therefore evtapo- 
rated to dryness and the reddue is heated at lOQ-130^, in order to remove the 
siUca at this point; for, if it were not removed, it would appear as a gelatinous 
predpitate at some later stage of the anal3rsis; thus, if it did not separate 
earlier, it would be precipitated by NH4OH together with the iron group and 
might then be mistaken for aluminum hydroxide. In the case of nonmetallic 
substances which cannot contain silica, the heating may be omitted. 

3. If the substance is nonmetallic, the reddue insoluble in HNOs i»obably 
consists of one or more of the substances whose formulas are given in Table I 
under a and h. Other less common insoluble substances are anhydrous chro- 
mium salts, phosphate of tin, ferrocyanide of iron, and silicon carbide. 

4. In dissolving nonmetallic substances HCl may be used in place of HNOs. 
Each of these adds has advantages and disadvantages of its own, as ft^ws: 
HNOs dissolves, owing to its oxidizing power, many sulfides not attadced by 
HCl, but fails to dissolve certain substances, especially MnOs, SbjOs, HsSnOs, and 
BaCrOi, which dissolve in HCl. HCl may cause the precipitation of chlorides 
of the silver group; while strong HNOs on heating oxidizes sulfides partially 
to sulfates, and may cause the predpitation of lead, barium, strontium, and 
caldum sulfates; thus in dther case making it sometimes imposdble to deter^ 
min whether complete decompodtion has resulted. HNOt oxidizes mercuroiu, 
arsenous, antimonous, stannous, and ferrous oompounds to the hii^ier state 
of oxidation; consequently almost all the antimony and tin will usually be 
found in the reddue insoluble in dilute HNOt after evaporation, all the mercury 
will be in the HsS predpitate, and sulfur will always be predpitated by BS 
when iron is present. When HCl is used as a solvent, mercury and arsenic 
in the arsenous form would be wholly or partly lost, owing to the volatility 
of their chlorides, in the subsequent evaporation, which is necessary in order 
to remove silica. For this last reason, and for the reason that the procedure 
is a more general one in that it provides for the solution of alloys and of a 
larger proportion of nonmetallic substances and for the isolation of the silver 
group, the use of HNOs is here recommended. 

5. Alloys can not ordinarily be powdered by grinding in a porcelain or 
agate mortar. They may usually be converted into a form that offers a large 
surface by hammering in a steel mortar, filing with fine sted file, shaving with 
a knife, or converting into turnings with a lathe. Only 0.5 g. of an alloy is 
taken for analysis; for, owing to the absence of addic constituents, the same 
quantity of bade elements is contained in a smaller amount of substance. 

6. By the treatment of alloys with strong HNOs, all the more common 
dements are dissolved by strong HNOs except antimony, tin, and silicon. 
These are oxidized to antimonicacid (Sb205.nHsO),metastannic add (nHfSnOs), 
and silidc add (H2Si03). which separate at once as white amorphous pre- 
dpitates when condderable amoimts of these elements are present. Certain 
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mtrateB, especially that of lead, may separate in crystalline form from the 
strong HNQt, but these dissolve upon adding water and heating to boiling. 

7. In the case of an alloy the evaporation to dryness and heating at 100- 
130^ serve to partially dehydrate the hydroxides of silicon, tin, and antimony, 
whereby they are rendered nearly insoluble in HNOs. This makes possible 
a conclusion in regard to their presence or absence. Thus, if after having 
thoroly dried the mixture at this temperature there is no residue insoluble 
in the HNQt> it shows the absence of silicon and tin in quantity as large as 
1 mg., and that of antimony in quantity as large as 2 or 3 mg. The fact must 
not be overlooked, however, that in the dehydrated form even a very smaD 
rendue or slight turbidity may correspond to an appreciable quantity of one 
of these elements. Therefore, if no residue can be seen, rub the sides of the 
dish gently with the rubber-covered end of a glass rod, pour into a small flask, 
allow the liquid to stand 2 or 3 minutes, and note whether there is any residue 
whatever. The knowledge that tin is absent enables the subsequent procedures 
for the detection of this element to be omitted. The subsequent procedures 
for antimony may, in the absence of a residue, also be omitted, provided 
quantities as small as 3 mg. are not to be tested for. In addition to the hy- 
droxides named above, the residue may also contain a considerable quantity 
of stannic phosphate or arsenate when tin and phosphorus or ars nic are simul- 
taneously present, or of bismuth hydroxide when both antimony and bismuth 
are present; also small quantities of various other elements enclosed in a 
residue consisting of the substances already mentioned. 

8. The hjrdroxides of antimony, tin, and silicon usually separate also in 
the treatment of nonmetallic substances with HNQt when the corresponding 
dements are presebt; but the nonexistence of a residue must not, except in 
the case of silicon, be regarded as conclusiv evidence of their absence in such 
substances. For the presence of certain acidic constituents, such as chloride 
or sulfate, may cause a considerable quantity of tin or antimony to dissolve. 

9. A black or metallic residue insoluble in HNOs, obtained in the case of 
an alloy, may contain carbon or carbides, certain alloys of iron, such as ferro- 
duome or ferrosilicon, gold, or any of the platinum metals. If there is no 
such residue, it shows the absence of gold and platinum. 

Frocedure 4. — Treatment of the Residue Insoluble in Nitric Acid. — 
To the residue insoluble in HNOs (P. 3) in a casserole add gradually 
5 cc. 12-normal HCl, and heat as long as action continues, adding 
more acid if necessary. If the substance does not dissolve completely 
in HCl, add to the mixture without filtering a few drops of 16-normal 
HNOs, and heat gently as long as action continues, adding more of the 
acids if necessary. 

Evaporate this solution in HCl alone, or in HCl and HNOj, without 
filtering off any residue, just to dryness, taking care not to overheat 
the dry residue. Add to the residue 5 cc. 6-normal HCl, measured 
in a small graduate, and 10 cc. water; boil gently for a few minutes 
if there is a residue: filter, wash the residue thoroly with boiling 
water, and treat it by P. 5 (or P. 7). Unite the filtrate with the 
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HNOs solution obtained in P. 3 after treating the latter by P. 11; 
neutralize half the acid in the mixture by adding just 5 cc. 6-nonnal 
NH4OH; and, without filtering off any precipitate, treat the mixture 
by P. 21. 

Notes. — 1. Of the substances that may be present in the residue undis* 
solved by HNOg (see Table I), the peroxides of manganese and lead and the 
chromates of barium and lead are reduced and dissolved by concentrated HCL 
Antimonic acid (HSbOg) and stannic acid (HsSnOg) are also dissolved by it. 
Upon the addition of HNOg, whereby the strongly oxidizing mixture known as 
aqiui reffia is produced, gold, platinum, and mercuric sulfide are entirely dissolved ; 
and silver compoimds, such as AgBr, Agl, and AgCN, are converted into AgCl. 
The chloride of silver and the sulfates of strontium and lead' dissolve in large 
quantity in the concentrated acids, but only in much smaller quantity in the 
small amount of dilute HCI added after the evaporation. Some of the other 
substances that may be in the residue, especially the oxides and certain sili- 
cates, are slowly attacked by the strong acids, but the solvent action is not 
rapid enough to make this a practicable method of getting them into solution. 

2. The solution is evaporated to remove the large quantity of acid which 
would otherwise interfere with the H2S precipitation. Care is taken not to over- 
heat the dry residue, so as to avoid loss of mercury, antimony, and tin by 
volatilization of their chlorides. A measured quantity of HCI is then added; 
and, after mixing this HCI solution with the HNOg solution, an equivalent 
quantity of NH4OH is added, in order to produce the acid concentration required 
for the H2S precipitation. Only 10 cc. of water are added to the HCI solution 
at first, so as to prevent the precipitation of SbOCl and thus make it possible 
to determin whether the substance has been completely decomposed. 

3. If the original substance was an alloy, a residue after the treatment 
with HCI and HNOg is likely to consist of metastannic or silicic acid or of 
carbon, a platinum metal, or an alloy of iron with chromium, silicon, etc. It 
is best treated with HsS04 and HF by P. 5, in order to test for and remove 
silica and to dissolve metastannic acid and iron-alloys. If a black or metallic 
residue still remidns, it may be tested for graphite by rubbing a dried portion 
on the fingers or on paper; and to bring it into solution the remainder may 
then be fused with NagOs in a nickel crucible, the mass treated with water 
and HCI, and the solution analyzed as usual, except that nickel cannot be 
tested for. 

4. If the original substance was an alloy and a large, nonmetaUic residue 
remains after treatment with HNO3 (P. 3), it is sometimes advantageous, 
instead of treating it by P. 4, to analyze the residue separately by the following 
procedure, by which a large quantity of metastannic acid is more readily dis* 
solved: Add to the residue in a casserole 3-4 cc. of 96 % HsS04 and heat 
under the hood until the acid has evaporated to a volume of about 2 cc. Cool, 
add an equal volume of water, cool again, add 5 cc. HCI to dissolve antimonic 
oxide, and heat to boiling. Cool completely, filter if there is a residue (which 
may consist of silicic acid), and add the acid solution drop by drop, with con- 
stant shaking, to a mixture of 10 cc. ammonium monosulfide, 1 cc. anmionium 
polysulfide, and 10 cc. 15-noimal NH4OH in a flask. Cover the flask and 
digest for a few minutes on a steam bath, filter out the precipitate, which 
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may consist of small quantities of sulfides of the copper and iron groups. Dilute 
the filtrate, and make it slightly add with HCl. Shake to coagulate the pre- 
cipitate, filter, and wash with hot water. Analyze the precipitate for the tin- 
group by P. 41; reject the filtrate or test it for phosphate by P. 104. 

^Procedure 5. — Fluoride Treatment of the Residve Insolvble in the 
Common Adds. — Transfer to a platinum crucible (see Notes 1 and 2) 
the residue after treatment with acids (P. 4), add 2 cc. of 96% HtSOi 
from a graduate, heat with a moving flame until white fumes are 
given off, and cool completely. 

To test for silicate, add carefully from a lead or hard-rubber tube 
capped with a rubber nipple pure 48% HF drop by drop until 5-6 
drops have been added, and warm the mixture over a steam bath. 
(Formation of gas bubbles, presence of silica or silicate.) 

Then add 2-6 cc. more pure 48% HF, cover the crucible with a 
platinum cover, digest on a steam bath for about 15 minutes unless 
the residue dissolves more quickly; remove the cover, and evaporate 
under a hood until dense white fumes of HsSOi are given off, taking 
care to avoid spattering. (See Note 3.) [Unless it is known from the 
presence of solid substance at this point or from other indications that 
the residue treated with H2SO4 and HF contained other constituents 
than silica, determin this by evaporating off the HsSOi under a hood, 
taking care not to ignite the dry residue. If a significant residue 
remains, add from a graduate 1.5 cc. of 96% HSSO49 and heat until the 
residue is redissolved, not allowing the acid to evaporate.] Cool, pour 
the contents of the crucible into 10 cc. water, and rinse out the contents 
with a little water. Boil to dissolve slowly dissolving sulfates; cool, 
shake, filter, and wash the residue, first with 6-normal HsSOi and then 
with a little water. (Residue, P. 6; filtrate, P. 11.) 

Notes, — 1. A 8luderU using (his procedure for the first time shovdd work under 
the direct supervision of an instructor. Cheat care must be taken not to breathe 
the fumes of HF nor to get it on the hands; for U is extremely irritating and pro- 
duces dangerous bums. 

2, Whenever a residue or precipitate has to be transferred from a filter to a cru- 
cible in which it is to be ignited or fused, it is best to separate it as far as possible 
from the fiUer^papeTf and then to incinerate the part of the paper to which much 
residue adheres by rolling it up, winding a platinum wire around it in the form of a 
spiral, and heating it in a gas-fiame tiU the carbon is all burnt off, 

S, When a liquid is to be evaporated in a crucible, it is well to heat it within 
a larger iron crucible, which serves as an air-bath. The smaller crucible may be 
supported upon a nichrome triangle set into holes bored in the side of the iron crucible, 
or upon a circular disk of asbestos-board with a round hole cut out in the middle and 
slots cut out along the sides. 

* If the use of a plaUnum crucible or of hsrdrofluorio acid is impracticable, the lees aatisfaotory, 
altemativ method deaohbed in P. 7 may be emx>loyed (fee Note 8, P. 5). 
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4. The test for flifioa or ofieate depends on the fonnation of SiFigae, whidi 
is ineoliible in strong HiS04» but diflBolyeB in water in the pre e cn ce of HF with 
formation of fluoafidc add, HiSiFe. ^th free eifica the eyoKotion of gas 
takes place in the cold; but with slowly decomposing dficates, sudi as fddspar, 
the test is obtained only upon wanning. A few silicates are not acted upon 
by HF and lUSOii and, of course, do not show the test for silica at this point. 
The test is ddicate enough to enable 1 mg. of silica, whether free or in a de- 
composable dlicate, to be detected. Moreover, after the substance has been 
treated with adds as in P. 4 and warmed with HiSOi, an evolution of gas with 
HF is not produced with the compounds of any dement other than silicon. 
It should be borne in mind that a small quantity of silica will be introduced 
If ordinary filters (whidi have not been washed with HF) have been employed 
and have been destroyed by adds or by ignition, or if a strongly alkaline solu- 
tion has been boiled in glass vessels. 

5. Since glass and porcelain consist of silicates which are readily attacked 
by HF, this acid must not be allowed to come into contact with these materials. 
In handling oold HF solutions, vessels and funnels of celluloid or paraffin or 
of glass coated with paraffin may be used; but platinum vessels must be em- 
ployed when the solutions are to be heated. Care must be taken not to intro- 
duce into a platinum vessd any solution containing chlorin or bromin or any 
add mixture containing nitrates and chlorides by which chlorin would be 
evolved. Platinum is so dowly attacked by hot concentrated HsSOi that 
even when 2-3 oc. of the add are rapidly evaporated in a crudble less than 
0.5 mg. passes into Boluti6n. 

6. The digestion with HF decomposes most silicates and dissolves silica. 
The subsequent evaporation with HsSOi expels the excess of HF and decom- 
poses the fluorides produced, as well as some other substances that may have 
been left undissolved by the HNOs and HCl. The H1SO4 solution is diluted 
with a small quantity of water so as to cause the complete predpitation of 
BaSOi, SrSOi, and PbSOi* These sulfates are moderately soluble in strong 
H18O4 and may not appear till after dilution. The addition of much water 
is avoided, since BiSOi and PbSOi are somewhat soluble in water; !ind the 
reddue is washed with dilute HsSOi for the same reason. The solution is 
boiled so as to dissolve anhjrdrous sulfates, such as those of aluminum and 
iron. 

7. The reddue insoluble in dilute H1SO4 contains as sulfates all the barium, 
strontium, and lead, and all of the caldum in excess of 5-10 mg., left undis- 
solved by HNOs and HCl; more or less of the chromium (according as the 
H18O4 has been more or less strongly heated) as a pink anhydrous sulfate; 
and part of the bismuth as bade sulfate and antimony as antimonic hydroxide, 
when much of these dements was left undissolved by the previous treatments 
with adds. The reddue may also coptain still undecomposed substances, 
espedally the following: silver chloride; corundum, AliQt; diromite, FeOn04; 
casdterite, 8nOs; some anhydrous silicates and fluosilicates, such as cyanite 
or andaludte (AlsSiOk) and tourmalin; graphite and carbides; and certain 
compounds of the rarer dements. For a method of bringing some of these 
substances into solution, see Note 3, P. 7. 

8. If the use of a platinum crudble or of hydrofluoric add is impracticable, 
the reddue insoluble in HC3 and HNOs may be fused in a nickd crudble with 
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NatOOk, M described in P. 7, instead of being treated by P. 5-6. This is, 
howeyer, a far less satisfactoiy method of analysis for the following reasons. 
Compounds of the alkali elements are used as a flux; nickel is introduced 
from the crucible; and mercury compounds are volatilized; — so that these 
elements can not be tested for in the subsequent analysis. Moreover, the 
treatment with HF and H1SO4 is almost always a shorter process, since when 
the residue consists only of silica, as is often the case with minerals, no further 
treatment is necessary, and since in other cases there is often no residue to be 
boiled with Na«COi solution (P. 6). A fusion in a platinum crucible with 
Na^CX)t would be less objectionable; but this is not possible, unless elements 
reducible to the metallic state are known to be absent in the residue (see Note 
6, P. 7). 

Procedure 6. — TrecUmerU of the Residue from the Fluoride Trea^ 
ment. — ^Transfer the residue insoluble in dilute H1SO4 (P. 5) to a 
casserole, add about 25 cc. 3-normal NasCOs solution, cover the 
casserole, and boil gently for 10 minutes. Filter and wash the resi- 
due thoroly. (Filtrate, reject.) Heat the residue with just 5 cc. 
HNOi and 10-20 cc. water. Filter out any undissolved residue, and 
treat the solution by P. 11, subsequently testing it only for lead, 
bismuth, chromium, barium, strontiimi, and calcium. 

Notes. — 1. The boiling with NasCOs converts into carbonates the sulfates 
of lead, calcium, strontium, and bismuth completely, and at least 80% of 
the sulfate of barium, even when large quantities of them are present. A 
second treatment, which should be applied to the residue if there are indica- 
tions that barium is present, completely decomposes BaSOi. The carbonates 
dissolve readily in HNOs. Anhydrous chromic sulfate, which is left undis- 
solved by dilute HiSOi (P. 5) as a fine pink or gray powder, is slowly changed 
by boiling with NasCOg to a greenish blue hydroxide which dissolves in the 
HNOs, leaving behind the still undecomposed sulfate. Antimonic oxide dis- 
solves only to a small extent (2-4 mg.) in the NasCOs solution or in the dilute 
HNOs. 

2. Any residue insoluble in HNOs can therefore consist only of barium 
or chromic sulfate, of antimonic oxide, or of some of the original substance 
still undecomposed, which is likely to consist of one of the nativ oxides or 
silicates mentioned in P. 5, Note 7. If such a residue is obtained, it can ordi- 
narily be rendered soluble by fusion with NasCOs and KNOs, as described in 
P. 7; but in this case a platinum crucible may be used for the fusion, provided 
the residue be first heated with HCl to extract any Sb20s that may be 
present and provided silver is not found present in the HsSOi solution 
obtained in P. 5. 

Procedure 7. — AUemativ Treatment of the Residue Insoluble in 
the Common Adds. — If the use of HF (P. 5) is impracticable, transfer 
the residue insoluble in acids (P. 4) to a nickel crucible (see Note 2, 
P. 6), heat until the residue is dry, mix the residue with ten to twenty 
times its weight of anhydrous NasCOs, cover the crucible, heat strongly 
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over a powerful burner, preferably within a cylinder of asbestoe-paper, 
80 that complete fusion takes place, and continue the heating for 10-20 
minutes. If dark particles of undecomposed substance can still be 
seen, add gradually in small portions 0.1-0.5 g. of solid ENOs, and 
heat strongly for several minutes. Cool, boil the crucible and its 
contents with water until the fused mass is disintegrated, filter, and 
wash the residue thoroly. Warm the residue with HNOs until action 
ceases, and filter out any still undecomposed substance. 

Test one half of the carbonate solution for acidic constituents as 
described in the third and fourth paragraphs of P. 131. 

Mix a tenth of the HNOs solution with a tenth of the carbonate 
solution, making the mixture acid with HNOs, if it is not already 
so. If no precipitate forms, mix the remainder of the acid solution 
with the remainder of the carbonate solution. Add 3-5 cc. HCl (or 
more if the solution is still alkaline), and filter. Test the precipitate 
for lead and silver by P. 13-14. Evaporate the solution, and heat the 
residue until it is thoroly dry at 120-130° by keeping it in motion over 
a small flame. Moisten the residue with 16-normal HNOs, and 
heat again till the residue becomes perfectly dry. Add from a 
graduate just 5 cc. 6-normal HNOs and about 20 cc. water, and 
heat to boiling. Filter out any residue, dilute the filtrate to 100 cc, 
and treat it by P. 21. 

If a precipitate forms on mixing the small portions of the HNOs 
solution and the carbonate solution, treat these solutions separately 
as described in the preceding paragraph, uniting the precipitates 
formed by the same group-reagent in the subsequent analysis. 

Nates, — 1. Upon fusion with sodium carbonate most compounds undergo 
metathesis, the acidic constituent of the compound combining with the sodium, 
and the basic element with the carbonate. The carbonate formed is, however, 
sometimes decomposed by heat with production of the oxide or of the metal 
itself. Acid-forming oxides, such as SiQi, AatOt, and less rapidly AlsOs, expel 
CQz from the carbonate and form sodium salts. Such reactions are illustrated 
by the following equations: 

BaSOi +Na«CO^ "NasSOi +BaCOs. 
Fe^iOk+Na«CO^ ^NasSiOs+FesO^+COk. 
4Aga +2Na«CO^»4NaCl +4Ag+2C50k+Oi. 
SiOk +Na«CO^ "NasSiOs+COk. 

After the treatment with water, the acidic constituent of the substance is 
therefore found with the excess of carbonate in the aqueous extract, while 
the basic element remains undissolved by the water and passes into the acid 
solution. The first and third reactions are examples of cases where the aqueous 
and acid solutions must not be mixed, for upon mixing BaSOi or AgCl would 
again be formed. 
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2. Of the basic elements that may be present, all or a part of the arsenic, 
antimony, tin, aluminum, chromium and manganese are contained in the 
carbonate solution; and this solution must therefore be analyzed for basic 
elements. Since this solution may also contain NagSiOs, the solution after 
the addition of acid is evaporated to dryness, and the residue is heated at 
lOO-ldO"*, in order to dehydrate the siUcic acid and render it insoluble. The resi- 
due insoluble in HNOg after this treatment usually consists only of silicic acid. 
To prove whether it consists wholly of this acid, it may be treated with H2SO4 
and HF as described in P. 5. 

3. Some substances which are not much acted upon by alkali carbonates 
alone are readily attacked when an oxidizing substance like KNQs is present. 
Thus, sulfides are converted into sulfates and chromium compounds (such as 
chromite, FeOCi^Oj) into chromates. A few substances, however, such as 
the nativ or ignited oxides of tin and aluminum, may be only partially d^ 
composed even by long-continued fusion with the mixed fluxes. Such an un* 
decomposed residue may be fused with KOH in a nickel or silver crucible and 
the fusion treated first with water and then with HCl. The oxides of aluminum 
and stannic tin, if finely powdered, dissolve rapidly in fused KOH. The aqueous 
extract contidns the aluminum as aluminate and most of the tin as stannate. 
The residue undissolved by water may consist of black nickel oxide from the 
crucible* stannic hydroxide, and of other hydroxides accompan3dng the aluminum 
or tin oxides; all of which dissolve in HCl. 

4. A few milligrams of nickel are taken up from the crucible by the flux, so 
that this element, as well as the alkali elements, cannot be tested for later in 
the analysis. The crucible is, however, so little attacked by the flux that it 
can be used repeatedly. 

5. Whenever it is permissible, it is somewhat better to make the fusion in 
a platinum crucible, since then no foreign substances are introduced from the 
crucible. It is not permissible, however, to ignite in platinum vessels compounds 
of the silver, copper, and tin groups; for these may be reduced to the metal 
by heating with an alkaline flux. The same is true of sulfur, sulfides, and 
in the presence of organic matter of phosphates; for all these elements form 
easily fusible allo3rs with the platinum, and thus spoil the crucible. More- 
over, alkaline hydroxides and strongly ondizing fluxes (such as peroxides and 
nitrates) must not be fused in platinum, since they attack it fairly rapidly. 
Therefore, if the fusion is made in platinum, no more KNO) should be added 
than is necessary. 

Procedure 8, — Destruction of Organic Matter. — If the closed-tube 
test (P. 1) has shown the presence of organic matter, powder or 
cut into small pieces 1-5 g. of the substance (according to the quan- 
tity of organic matter present). Add to it in a casserole about 5 cc. 
of 96% H1SO4; warm gently until the substance is well charred; cool; 
add slowly, with constant stirring, under a hood, 16-normal HNOf, 
until violent reaction ceases; warm gently for a few minutes, and 
then heat more strongly, keeping the dish moving, until the substance 

is thoroly charred. Cool, again add 16-nonnal HNOi as before, and 
4 
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heat until thick fumes of H1SO4 are evolved. Repeat this process till 
the mixture becomes light-colored and remains so when heated 
strongly. 

If the substance has dissolved completely (or even if it has not, if 
the use of HF is impracticable), evaporate off the H1SO4 under a 
hood till only 1.5 cc. remains, cool completely, add very carefully 
10-20 cc. water, and boil. (If a precipitate separates, filter it off 
and treat it by P. 6.) Treat the solution by P. 11. 

If the substance has not dissolved completely, transfer the mixture 
to a platinum crucible, evaporate off the HsSOi till only 1.5 cc. re- 
main, cool completely, and treat the mixture by the second and 
third paragraphs of P. 5. 

Notes. — 1. This method of destroying organic matter is of very general 
application, being effective even when such stable substances as paraffin and 
oellulofle are present. Organic matter can also be destroyed by ignition, but 
this has the disadvantages of volatilizing certain elements, especially mercury 
and arsenic, and of making some substances veiy difficultly soluble. When 
the organic matter consists only of oil, as is the case with an oil paint, it may 
be better to extract it with ether, especially when it is desired to determin the 
proximate constituents of the substance. 

2. The residue contains: any substances originally present that have not 
been attacked by HNQs or H2SO4, especially silicates; all the lead, strontium, 
and barium that may have been present in any form, since the sulfates of 
these elements are insoluble in dilute H2SO4; all the silica, since silicic add is 
dehydrated and made insoluble by heating with HsSOi; some of the calcium, 
bismuth, antimony, and tin, when these elements are present in considerable 
quantity, since their sulfates (or oxides) are not readily soluble in dilute H2SO4; 
and substantially all of the chromium, since its sulfate is converted into the 
insoluble anhydrous form. 

3. After the organic matter is destroyed, the solution ia evaporated to 
1.5 cc., in order that the concentration of the add may be properly adjusted 
in the subsequent HjS predpitation. 
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GENERAL DISCUSSION. 

The science of qualitativ chemical analysis treats of the methods 
of determining the nature of the elements and of the chemical com- 
pounds which are present in any given substance. When the presence 
or absence of the various elements is alone determined, the process is 
called ultimate analysis; when the chemical compounds of which the 
substance is composed are identified, it is called proximate analysis. In 
the analysis of inorganic substances, to which this book is devoted, the 
object in view is ordinarily an intermediate one — ^namely, that of de- 
tecting the base-forming and acid-forming constituents (called in this 
book for short the basic and acidic constituents) that are present in the 
substance. Thus the analysis of a substance consisting of calcium sul- 
fate, zinc chromate, and ferric oxide would show not only that the ele- 
ments calcium, sulfur, zinc, chromium, and iron were present, but also 
that the sulfur was in the form of sulfate (not sulfide or sulfite), the 
chromium in the form of chromate (not of a chromic salt), and the iron 
in the ferric (not the ferrous) state. The reason for this is that the 
analysis is carried out by dissolving the substance in water (with aid 
of acids, if necessary), and by treating the solution so obtained suc- 
cessively with a number of different chemical substances. Now, since 
the chemical reactions of substances in aqueous solutions are deter- 
mined by the nature of the ions which they yield, and since the ions 
correspond to the basic and acidic constituents, it is these constitu- 
ents whose presence or absence is established. 

For detecting the basic constituents a systematic method is employed 
which consists in adding to an acid solution of the substance in suc- 
cession ammonium chloride, hydrogen sulfide, ammonium hydroxide 
and sulfide, and ammonium carbonate. By each of these reagents 
(which is the name applied to substances added to produce any desired 
chemical reaction) a group of basic constituents is precipitated. Thus, 
ammonium chloride precipitates those constituents whose chlorides 
are only slightly soluble in water; hydrogen sulfide, those whose 
sulfides are only slightly soluble in dilute acid; ammonium hydroxide 
and sulfide, those whose sulfides or hydroxides are only slightly soluble 
in ammoniacal solutions; and ammonium carbonate, those whose car- 
bonates are only slightly soluble in water containing ammonium car- 
bonate. The way in which the basic constituents are thus separated 
into groups is shown in more detail in Table II on the following page. 

41 
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PRECIPITATION AND ANALYSIS OF THE SILVER-GROUP. 



Table III. — ^Analtbib of the 8iLVBB-GBonp. 



Precipitate: BiOQ*, SbOCl*, PhQi*, AgCl, Hg2Cl2. Treai wUh HCl (P. IfS.) 



Solution: 

BiCU, SbCls. 

Evaporatef pour 

ifUowaUr 


Residue: PbCk, AgCl, Hg2Cla. Treai with hot water (P. IS). 


Solution: PbCb. 

Add HiSOi 

(P. IS), 


Residue: AgCl, HgiCb. 

Pour NH4OH through thefiUer (P. I4), 


Black residue: 
Hg and Hg^^^ 


Solution: 

Ag(NH8)2a. 

Add HNOz (P. H), 


Precipitate: 

Bioa, 

(SbOCDa SbxOs 


Precipitate: 
PbS04. 


White precipitate: 
AgCl. 



* Thew preoipitatas form only when large quantitiM of binnuth, antimony, and lead are present 

Procedure ii, — Precipitation of the SHver-Group. — Place the cold 
solution of the substance (prepared by P. 2, 3, 5, 6, or 8, and containing 
5 cc. 6-normal acid in about 25 cc. of solution) in a conical flask, and 
add to it 10 cc. NH4CI solution. (White precipitate, presence of silver- 
GBOUP.) Let the mixture stand for 3 or 4 minutes; then filter it. 
(Precipitate, P. 12; filtrate, P. 21.) 

ATotet. — i. It is recommended that in general hard-gUus conical flaske (the 
90<aUed Erlenmeyer fiaeke of Jena or Bohemian glaes), rather than beakere or 
teet^ubea, he employed for holding eolutioM that are being eubjeUed to the opera- 
Hone of precipitation and heating, 

2. Even in oases where U is not essential to add a perfectly d^finit ffolume of 
a reagent^ the analyst should make it a practis to measure oiU the quantity to he 
added, rather than to pour in an indefinit quantity from the reagent hottle. For 
this purpose a 10 cc, graduate should he constantly at hand. For adding smaller 
quantities than 1 cc. a dropper should he used. This may he made hy drawing 
out one end of a short glass tube to a wide capillary and capping the other end 
with a rubber nipple. When more of a reagent than is needed has been poured into 
a graduate or other vessel, it should never be poured hack into the reagent bottle, 
owing to the danger of contaminating the reagent, 

5. Vnlese the concentration is specified, it is understood that aU salt solutione 
used as reagents are l^normal, that is, that they contain one equivalent of salt per 
liter of solution; also that the acid and base solutions used as reagents (those of 
HCl, HNOz, HiSOi, HAc, NH4OH, and NaOH) are O-^iormal. 

4. By one equivalent of any aubstance is meant that weight of it ^Hiieh 
reacts with one atomic weight (1.008 grams) of hydrogen in any of its com- 
pounds or with the weight of any other substance which itself reacts with one 
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atomic weight of hydrogen. Thus, one equivalent ia the quantity in grama 
corresponding to the foUowing formulas: INaOH, iBa(OH)s, IHCl, iHsSO^, 
1H»P04, INH4CI, iNaaSOi, ICaSOi, JFeCl». When a substance may take part 
either in a reaction of metathesis or in one of oxidation and rediiction, its tneta- 
thetical equivalent has to be distinguished from its oxidation equivalent. Thus the 
metathetical equivalent of nitric acid is IHNOg; but its oxidation equivalent 
(when it is reduced to NO) is iHNOg. In this book the term equivalent will 
always be used to denote the metathetical equivalent. — ^Note that the number 
of equivalents of a substance is a certain quantity of it; but that the term 
normal denotes its concentration, that is, the quantity of it per unit-volume 
(more spedfically, the number of equivalents of it per liter). 

6. If NH4CI produces no precipitate, it proves the absence of silver and 
mercurous mercury, but not of kad^ bismuth, or antimony, since PbCls is fairly 
soluble in water, and BiOCl and Sb(X31 are fairly soluble in dilute acid. 

6. The solubility of PbCla is much smaller in a solution of NH4CI or of any 
other chloride than it is in water owing to the so-called common-ion effect, 
which may be explained in detail as follows: The mass-action law requires that 
at a given temperature in all dilute solutions containing lead chloride the ratio 
of the product of the ion-concentrations* (Pb"*~^) X (Q")* to the concentration 
(FbCls) of the un-ionized salt have the same vdue; that is, (Pb*^) X(C1~)'-S- 
(FbCls) »some definit value. Now in all solutions which have been saturated 
with lead chloride as a result of sufficiently long contact with the solid substance, 
the concentration of the lead chloride present as such (that is, as un-ionised 
PbCls) must evidently have the same value, and therefore in all such saturated 
solutions the ion-concentration product (Pb'*"*') X (Cl~)' must also have the 
same value; that is, in all solutions saturated at a given temperature with lead 
chloride, (Pb'^)X(Cl~)'"B some definit value. This particular value which 
the ion-concentration product has when the solution is saturated is conmionly 
called the BohdnUty-^product; but the principles involved are less likely to be mis- 
understood if it be called the saturatiorirvalue of the ionrconcentraHon product. 
The saturation-value varies, of course, with the nature of the salt, and with the 
temperature in the case of a given salt. In the case of lead chloride at 20^, whose 
solubility in water at 20^ will be seen by reference to the Table on page 122 to be 
70 milli-equivalents per liter, the saturation-value of the ion-concentration prod- 
uct in these units is evidently (70) X (70)' "343,000, provided the ionization be 
considered to be complete, as may be assumed to be true in these qualitativ 
considerations in the case of nearly aU neutral salts. Any solution containing 
lead-ion and chloride-ion in which the ion-concentration product exceeds this 
saturation-value is evidently supersaturated and tends to deposit the solid sub- 
stance; and any solution in which the ion-concentration product is less than 
the saturation-value is evidently undersaturated and tends to dissolve more 
of the solid substance. Now, when NH4CI or HCl is added to a saturated solu- 
tion of PbCla in water, the immediate effect is to increase the value of (Cl~}, 
and therefore of the product (Pb''~^)X(Cl~)'; but the solution becomes 
therdby supersaturated, and PbCls will precipitate out of it until the saturation- 
value of the product (Pb++) X (CI")* is restored. 

* In inwiw notion efpieariona of this kind, ehemioal formulas within pwrantheses danoto Umb 
oonotnCrafMMM of the respeottr substances, that is« the quantities of them per titer of sohitioo. 



p. le ANALYSIS OF THE SILVBR4IBOUP. 45 

Procedure X2. — Extraction of BismtUh and Antimony. — Pour re- 
peatedly through the filter containing the NH4CI precipitate (P. 11) 
a cold 10 cc. portion of 2-normal HCl (see Note 1). Treat the 
residue by P. 13. Evaporate the HCl solution in a casserole almost to 
dryness (see Note 2), add a few drops of water, and pour the solution 
into a flask containing 100 cc. water heated to 50-70^. (Fine white 
precipitate, presence of BisiiiTTH or antimony.) Test the precipitate for 
bismuth and antimony by filtering it o£f and treating it by P. 22 and 23. 

Notes, — i. Wtten it is direeUd to dissolve a predpUate by pouring the solvent 
repeatedly through the filter, this is best done hy pouring a sin(;fe portion of the solvent 
from one testrtvbe through thefiUer into another testF4ube back and forth three or four 
times. When the solvent is to be used hot (as in P. IS), it should be heated to boiling 
between each pouring. 

S. When itisdurected to evaporate a solution almost to dryness or just to dryness, 
the last part of the evaporation should be carried out by keeping the dish moving over 
a small flame in such a way as not to overheat the residue. 

3. Tlie precipitate is extracted with 2--nonnal rather than with 6-nonnal 
HCl, because PbCls, AgCl, and Hg^b are much more soluble in the more oon- 
oentrated acid, owing to the formation of adds with complex anions, such as 
H+rf»bCl4-, H+iAgCl«-, H+jHgCU". 

4. The white precipitate of BiOCl (bismuth oxyohloride) formed on the addi- 
tion of water is produced by the hydrolysis of BiCls. If HCl, the other product 
of the hydrolysis, is present in the solution, the reaction will not be complete, 
and a greater or less quantity of bismuth will remain in solution. This quantity 
increases very rapidly with the acid concentration. For this reason, nearly all 
the HCl must be removed by evaporation and the solution must be added to a 
large volume of water. Warm water is used, because the precipitation of BiOCl 
takes place more rapidly at the higher temperature. 

5. Antimony is lUso completely precipitated as an oxjrchloride from a HCl 
solution by the addition of a large quantity of water. If the HCl were diluted 
only tin its concentration became about 1.5 normal, the precipitate would be 
8bOCl; but» if the HCl is made more dilute than this, as it must be to ensure 
oranplete precipitation, the precipitate has the fonnula 2SbOCLSb2Qs. 

6. The expression for the solubility-product of BiOQ is (Bi^+^)X(0)- 
X(Ch)"B const. Acids greaUy increase its solubility because their H'*' ion 
combines with the 0~ ion to form water, which ia a very slighUy ionised sub- 
stance. Chlorides also increase its solubility; for the increase of (Cl~) which 
th^ directiy produce is more than compensated by the decrease of (Bi'*"*'*') 
which arises from the formation of un-ionised BiCU (and probably also of com- 
l^ex anions, such as BiCli"). 

^Procedure 13. — Extraction and Detection of Lead. — Pour repeatedly 
tDh)Ugh the filter containing the residue undissolved by HCl (P. 12) 
a 10 cc. portion of boiling water. Wash the residue thoroly with 
hot water, and treat it by P. 14. Cool the 10 oc. aqueous extract 
and add to it 10 cc. HsS04 (see Note 3, P. 11). (White precipitate, 
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presence of lead.) Confirm the presence of lead by filtering out the 
precipitate, washing it with a little water, and treating it by P. 34. 

Procedure 14. — Detection of Silver and Mercury. — Pour repeat- 
edly through the filter containing the residue insoluble in hot water 
(P. 13) a 5-10 cc. portion of NH4OH. (Black residue on the filter, 
presence of mercxtrous mercury.) Acidify the filtrate with HNOs. 
(White precipitate, presence of silver.) When there is much black 
residue and little or no white precipitate, treat the residue by P. 15. 

Notes, — 1 . When two quite differeni Umiting quantilies of the reagent are specified 
(Jar example, 6-10 cc.aein this procedure), the quantity added ehould he atfjusted 
to Uie site of 0^e precipitate. 

2. The black residue that is produced by the action of NH|OH on Hg^Cls 
iB a mixture of finely divided mercury with the white mercuric compound 
HgClNHs. The reaction is expressed by the equation: 

HbC1s+2NH40H -HgClNH2+Hg+NH4a+2H,0. 
The compound HgClNHt may be considered to be a derivatiy of HgCIs, 
formed by replacing an atom of chlorin by the univalent radical NHs. 

3. An NH4OH solution contains a considerable proportion of (unhydrated) 
NHb; and AgCl dissolves readily in it, owing to the formation of a soluble com- 
plex salt, Ag(NHs)2Cl, which in solution is largely ionized into Ag(NH8)2'^ 
and Cl~ ions. This complex cation has so slight a tendency to dissociate 
into Ag'^ and NHs that the ratio of its concentration to that of the simple 
Ag** ion is about ICF in a normal solution of NH4OH. 

4. If the PbCb was not completely extracted from the NH4CI precipitate 
by boiling water (in P. 13), it is converted into a basic salt (Pb(OH)Cl) 
by the NH4OH, and may pass through the filter, yielding a turbid filtrate. 
This basic salt will, however, dissolve on the addition of HNOf. 

Procedure 15, — Detection of Silver in the Presence of Much Mer- 
cury. — Wash the black residue undissolved by NH4OH (P. 14), and 
pour repeatedly through the filter containing it a mixture of 3 cc. HCl 
and 10 cc. saturated Brs solution, at the same time rubbing the residue 
with a glass rod. Wash the filter, and pour repeatedly through it a 
10 cc. portion of NH4OH. Acidify the solution with HNOf. (Yel- 
lowish-white precipitate, presence of silver.) 

Notes. — 1. When much mercury is present a considerable quantity of silver 
(5 mg. or more) may be so completely retained in the black residue that scarcely 
any test for silver is obtained in P. 14. This is probably due to the fact that the 
AgCl is reduced to metallic silver by the metallic mercury. When much mer- 
cury is present it is therefore necessary to test the residue for silver, as described 
in this Procedure. 

2. The bromin converts the mercury in the residue into soluble HgBn and 
the silver into insoluble AgBr. The HCl dissolves the HgdNHf present in 
the residue with formation of HgCls. 
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PBBCIFITATION AND 8EFABATION 07 THB COFFBB AND TIN OBODFS. 



TaBL» IV.— SlPAiiTIO 



t CoFPBH AMD Tin Oboctb. 



KTDBOOEN enLPHms pREdPTTATs: HgS, PbS, BijSt, CuS, CdS; 
Ab^i, Ab^ SbiSt, SbA OiS, SdSi. 
Treta viOh onunonium patj/sutfide (P. 2S). 



Sohitiou: (Nn()»A^ (NB4)iSbS(, (NH4)^nSi. 
ddd flCI (P. ffl). 



BiiB), CuS, CdS. 
See Table V. 



Prediutate: 

AjtiSi, Sb^ SnS,. 

See Table VI. 



Flltxttte: NH^a. 
Aqed. 



Procedure 3i. — Prectptlofton 0/ (Ae Copper and Tin Oroups. — 
Dilute to 100 cc. the filtrate from the NH4CI precipitate (P. 11) 
or the BolutioD of the Bubstance in HCl (P. 4), which should contain 
just 6 cc. of 6-normal HNO», H»SO«, or HCl. Place this aolution 
in a conical flask provided with a two-hole rubber stopper in which 
is a tube leading to the bottom of the flask. Pass into it in the cold 
a alow current of HiS, until, upon shutting off the gas and shaking 
thoroly, the liquid smells strongly of HjS. Filter at once, wash 
the precipitate with hot water {see Note 1), and treat it by P. 22. 
Heat the filtrate nearly to boiling (to 70-90°), and pass E^ into it 
at that temperature for 5-10 minutes. 

If there is no further precipitate, treat the solution by P. 51. 
If there is a further precipitate, evaporate the mixture almost to 
dryness. Add 3-5 cc. 13-normal HCl and evaporate just to dryness, 
to destroy the HNOj. Then add 10 co. 6-normal HCl, saturate the 
cold solution with Hj8, heat it to 70-90°, and pass H»8 into it for 5- 
10 minutes. Cool the mbrture, dilute it to 100 oc., and saturate it 
with HiS. Filter out the precipitate, wash it, treat it by P. 22, and 
unite the residue and the solution with those coming from the first 
HtS precipitate. Treat the filtrate by P. 51. 

ATotM. — t, Tha wuking pf predpiiaUt ihoidd in gerural b« eontinued vntil 
tiu wa»h^^aaitr wStt no longer giv a Utt for any tvbttanee knoten lo be preterit in 
tkefiUraU (for tzompU, in thie com for acid with blue Utmua-paper or for chioride 
with AgNOa. PreeipitalM wMeh an praetieaUy intolubU in vialer (like aQ Iht 
nifJUm awl kgirmldm that an met mtk in lAu SytUm of Analyne) are beet 
mtthed with nearly boiling vialer, a» thin runs through the fiiter more rapidly and 
extraeta eolvble evbetanew vufte readilg. PredpHalea wAicA an appreciably 
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wolvibld shouid be wcahed with cM water and with ofdy a emaU quaniity of U. The 
pr&per method of waehing a precipitate ie to catue a fine stream of water from a 
wash-bottle to play upon the upper edge of the filter. The washnwater should in 
general not be allowed to run into the filtrate, so as not to dilute it unnecessarily. 
When, howeoer, a considerable proportion of the solution is Ukdy to be retained 
in the filter and precipitaU, it is well to add the first washings to the filtrate. 

2. The formation of a white precipitate on diluting the solution to 100 ec. 
shows the presence of much bismuth or antimony. The precipitate, which con- 
sists of BiOCl or SbOCl, need not be filtered ofiF. The formation, on passing 
in H2S, of a white or yellowish precipitate which inmiediately turns black with 
more H2S indicates mercury. (The white compound is HgCl2.2HgS, and this 
is converted into black HgB by the excess of HjS,) The formation of an orange 
precipitate shows antimony; of a yellow one, cadmium, arsenic, or stannic 
tin. All the other sulfides are black. 

3. The solution is afterwards heated nearly to boiling and again saturated 
with ^g3y in order to ensure the detection of arsenic; for this element, when 
present in the higher state of oxidation (as arsenic acid) is only very slowly 
precipitated by H|S in the cold. At 70-90^ the precipitation is much more 
n^d, especially if the solution has been previously saturated with B^ in the 
cold. Under these conditions even 1 mg. As givs a distinct precipitate in less 
than 5 minutes. Continuous treatment with HgS at 70-90^ in an open vessel 
does not, however, completely precipitate a large quantity of arsenic from 
such a weakly acid solution even within an hour. For this reason, when a 
considerable precipitate forms in the hot solution, it is directed to evaporate 
the filtrate, to add HCl to destroy the HNO^ (which in the concentrated state 
would decompose the ^83), to dissolve the residue in HCl, and to pass BS 
through the hot solution. From this concentrated acid solution the arsenic 
precipitates completely in 5-10 minutes. The reasons for this peculiar 
behavior of arsenic in the higher state of oxidation are presented in Note 2, 
P. 43. The solution is finaQy diluted and saturated in the cold with H|S, 
since the other elements are not completely precipitated until the arsenic has 
been removed. 

4. The effect of acid cm the precipitation of the sulfides is explaiiied by 
the mass-action law and ionic theory as follows: When a dilute solution, whether 
aqueous or acid, is saturated at a definit temperature with HjS gas under 
the atmospheric (or any definit) pressure the H2S present as such always has 
the same concentration. This ionises, however, to a slight extent into H*^ 
and HS~, and to a still less extent into 2H''' and S". It is only the latter 
form of ionization that needs to be ooneddered here. Now between the H|S 
and its ions must be maintained the equilibrium expressed by the equation 
(H''')^X(S~) » const. X (H2S); or, since in this case (HsS)" const., as just 
stated, it follows that also (H''')^X(S~)s const. From this it is evident that 
when (H.^) is increased by the addition of acid to the solution, (S~) must be 
decreased ift the proportion in which the square of (H'**) is increased; thus, 
if (H.^) is doubled, (S~) wiU be reduced to one-fourth. But in order that a 
sulfide — ^for example, of the formula M**^" — may precipitate, the concentra- 
tion-product (M ''''') X (S~) must attain its saturation-value. This value varies, 
however, with the nature of the sulfide and with the temperature; and there- 
fore the add concentration that will bardy pennit of precipitation when (M'*^) 




u. . 
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has a definit value (for example, 1 mg. in 100 cc.) will be different for different 
sulfides and for the same sulfide at different temperatures. Thus if the ele- 
ments are arranged in the order in which they are precipitated from cold HCl 
solutions as the add-concentration is progressivly decreased, the series is ap- 
proximately as follows: arsenic, mercury and copper, antimony, bismuth and 
stannic tin, cadmium, lead and stannous tin, zinc, iron, nickel and cobalt, 
manganese. The acid concentration which permits precipitation also varies 
with the ionization of the acid; thus zinc is precipitated from a fairly concen- 
trated solution of acetic acid, dnce, owing to the slight ionization of this acid, 
the H*^ concentration is less than in a far more dilute solution of HQ. The 
three adds, HQ, HNO^, and H2SO4, do not, however, differ greatly in this 
respect, since they are all largely ionized in dilute solution. 

5. The acid concentration is made 0.3 normal (5 cc. of G~normal add being 
present in 100 cc.) and the solution is saturated with HsS gas in the cold, since 
under these conditions even 1 mg. of cadmium, lead, or tin predpitates, and 
even 300 mg. of zinc remain in solution. (This statement in regard to zinc is 
true, however, only when the solution contains also a considerable quantity 
of chloride-ion, such as was added in P. 11, and when it is not allowed to 
stand.) Moreover, even when a small quantity of any of the iron-group elements 
is present with a large quantity of a copper-group element, the former is not 
carried down in the HsS precipitate under these conditions to such an extent 
as to prevent its detection in the filtrate, provided as much of it as 1 mg., or in 
some combinations as much as 2 mg., is present. 

6. A white, finely divided predpitate of free sulfur will be formed if the 
solution contains substances capable of oxidizing BE^. The most important 
of these likely to be present are ferric salts, chromates, permanganates, and 
chlorates. The reduction by H2S of ferric salts to ferrous is attended by a change 
in color from yellow to colorless; of chromates to chromic salts, from orange to 
green; and of permanganates to manganous salts, from purple to colorless. 
Nitric add, if it were furly concentrated, would also destroy the HgS; but at 
the concentration in question (0.3 normal) it has scarcely any oxidizing action 
even in boiling solution. 

7. In balandng equations expressing reactions of oxidation and reduction, 
like those referred to in the preceding note, the main thing is to determin the 
number of molecules of the oxidizing and reducing substances which react with 
one another. This can be done most simply by considering, in the way illustrated 
by the foUowing examples, the changes which take place in the valences of the 
atoms of these substances. Thus, in the reduction of a ferric to a ferrous salt 
by hydrogen sulfide, the iron atom changes in valence from +3 to -f 2, and the 
sulfur atom changes in valence from —2 (in H2S) to zero (in ordimiry sulfur). 
Since the total change in the number of valences must be equal and opposit 
in the two substances, it is evidoit that two molecules of ferric salt react with 
one of hydrogen sulfide, and therefore that the equation is: 

2FeCl« +H»8 = FeCli +8 +2HCL 

In the reduction of HClOt to HCl by HsS, the chlorin atom decreases in val- 
ence from -1-5 to — 1 (thus by six positiv valences) ; hence there must be a decrease 
of six negativ valoices in the reducing substance, and that this may be the case 
three molecules of HsS are evidently required. The equation is therefore: 

HCIO1+ 3HsS =HCl-}-3S+3HsO. 
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In cases where the valoice of an atom in a substance is in doubt, it can be 
found at once from the valences of the other atoms with the aid of the principle 
that in any compound the sum of all the positiv valoices is equal to the sum of 
all the negativ valences; thus in chloric acid HCIOs, since the three oxygen 
atoms have 6 negativ valences and the hydrogen atom has one positiv valence, 
the chlorin atom must, in order to make the compound neutral, have 5 positiv 
valences. 

Consider as another example the reduction of potassium permanganate 
(EMnOi) to manganous chloride (MnCb) by H2S in the presence of HCL 
The number of valoice of the manganese atom is seen to be +7 in KMn04 
(since that of four oxjrgen atoms is —8 and that of the potassium atom is +1) 
and to be +2 in MnCb. The proportion is therefore 2KMn04: 5HsS, and the 
reaction is: 

2EMn04+5H^+6Ha-2MnG]s+2Ka+6S+8HsO. 

The amount of acid required in such cases can be seen by inspection, — most 
readily by noting how many hydrogen atoms are needed to combine with the 
oi^gen atoms of the substance undergoing reduction. Thus in this case 16 
hydrogen atoms are evidently needed for this purpose; and, since ten are fur- 
nished by the H2S, six more must be supplied by adding 6 molecules of HCl 
(or an equivalent quantity of some other acid). 

Procedure 22. — SeparaHon of the Copper and Tin Groups by Am-- 
numium Svlfide. — ^Transfer the H2S precipitate (P. 21) to a small 
casserole, add to it 10-25 cc. ammonium monosulfide (if the original 
substance was treated with strong HNOs in P. 3), or 5-10 cc. ammo- 
nium polysulfide (if it was dissolved in water or in dilute HNOt 
in P. 2), cover the dish, and warm the mixture slightly (to 40-60^) 
for about 10 minutes with frequent stirring. Add 10 cc. water and 
filter. [If the residue is large and much has been extracted from it 
by this treatment, as indicated by its appearance or as determined in 
P. 23, wash it once with hot water, warm it agidn with ammoniimi 
monosulfide or polysulfide, and filter, collecting the filtrate separate 
from the first one.] Wash the residue thoroly with hot water (see 
Note 1, P. 21.). (Residue, P. 31 ; solutions, P. 23.) 

Notes, — /. When a tmaU precipUale is to be treated with a eokent, thie may be 
done by pouring a portion of the e6U)eni repeatedly through the filter. When a 
considerable precipitate is to be so treated, the fitter is opened, the portions to which 
no precipitate adheres are torn off, and the remainder is laid along the side of a 
casserole; the solvent is then poured over it and is swashed to and fro, the precipitate 
being rubbed at the same Hme with a glass rod, so as to remove it from the filter. If 
this succeeds, the filter is dravm out and throvon away; otherwise, it is allowed to 
disintegrate and filtered out together with any residue. It is often stiU better to 
wash the precipitate off the opened filler by blowing the solvent upon it in a fine 
stream from a small wash-boUle, 

2. The ammonium monosulfide reagent is a solution of (NH4)sS and of the 
products of its hydrolyms, NH^IH, NH^H, and a little H^. The polysulfide^ 
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reagent contains in addition some of the disulfide (NH4}3S2 and of its hydrolysis 
product (NH4)HS2. The monosulfide is prepared by saturating concentrated 
NH4OH with HsS gas (whereby NH4SH is formed), adding an equal volume 
. of NH4OH, and diluting the solution. The polysulfide is prepared from this 
solution by dissolving sulfur in it. These reagents, especially the monosul- 
fide, should be kept as far as possible out of contact with the air, which is con- 
veniently done by storing them in small, completely filled, glass-stoppered 
bottles; for the oi^gen of the air destroys the sulfide with liberation of sulfur, 
which at first combines with the still unchanged sulfide forming the polysulfide, 
but later precipitates when the oxidation becomes more complete. 

3. The chemical action of ammonium sulfide in dissolving the sulfides of 
the tin-group depends on the formation of soluble salts of sulfoacids with 
complex anions. When the monosulfide is used, the reactions are as foUowB: 

iSbjSsJ^ ^ ^^ ((NH4^),SbS|---) 

I SbA ; +^^^^*^ " M (NH4^)3SbS4— f 
SnSi + (NH4)jS= (NH4+)fSnSa- -. 

The disulfide present in the polysulfide oxidizes the lower sulfides (AbA, SbA> 
8nS) to the same sulfosalts as are obtained by dissolving the higher sulfides 
(A8|S», SbsSs, SnSt) in anmionium monosulfide. It will be seen that these sul- 
fo-salts are analogous to the salts of the familiar oxygen acids of these ele- 
ments, the difference being that sulfur has replaced oxygen; and they are so 
named as to indicate this relationship. Thus the five sulfo-salts whose formulas 
are given above are called ammonium sulfarsenite, sulfantimonite, sulfarsenate, 
sulfantimonate, and sulfoetannate. 

4. In separating the copper-group from the tin-group (colorless) ammonium 
monosulfide is used rather than (yellow) polysulfide whenever the H|S pre- 
cipitate must contain in the state of the higher sulfide (SnS2 or SbfSs) any tin 
or any antimony that is present. This is the case when hot concentrated nitric 
acid was used originally in dissolving the substance, but may not be so when 
water or dilute HNO^ was used; hence the directions as to the choice between 
the two solvents. The polysulfide has the disadvantages that it yields a large 
precipitate of sulfur on acidification and that it dissolves a not inconsiderable 
quantity of CuS and HgS, thus making it more difficult to determin from the 
color of the HCl precipitate obtained in P. 23 whether or not elements of the 
tin-group are present. The fact that it dissolves some ChiS and HgS also 
diminishes the delicacy of the tests for copper and mercury. The polysulfide 
must, nevertheless, be used if tin may be present as SnS, or much antimony 
as SbsSs; for in the monosulfide SnS is only slightly soluble, and SbsSs only 
moderately soluble. 

5. More specifically, the behavior of the various sulfides, when warmed with 
10 CO. of these reagents, is as follows: Of the sulfides of the copper-group none 
dissolves to a significant extent in ammonium monosulfide. 5-10 mg. CuS and 
0.5-1.0 mg. HgS may, however, dissolve in the pol3rBulfide when the substance 
contains a large quantity of these elements. Yet when only 2 mg. are present, 
either of these elements can be detected in the analysis of the copper-group, 
even when the polysulfide is used, provided only one treatment with it has 
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been made. Of the sulfideB of the tin-group, 500 mg. of As as A4A or AaA, 
of Sb as SbiSs, or of Sn as SnSt dLasolveB in either the monosulfide or polysol- 
fide, and 500 mg. of Sn as SnS or of Sb as 8bA dissolve in the polysulfide. 
Hardly any SnS and only 50-100 mg. Sb as SbsSi dissolve in the monosulfide. 
6. Even when a quantity of only 1 or 2 mg. of arsenic or antimony is present 
with a large quantity (even 500 mg.) of an element of the copper-group, enough 
is extracted by either the monosulfide or polysulfide to be detected in the sub- 
sequent tests. With tin, however, the separation is imperfect; for, when a 
large quantity of elements of the copper-group and only d-5 mg. of tin are 
present, the whole of this may remain undissolved; indeed, when much cad- 
mium is present and the tin is in the stannous state, as much as 15 mg. of the 
latter may be wholly left in the residue, even when the polysulfide is used. 
On this account it is necessary to test for tin in the analysis of the copper-group. 

Procedure 23. — Reprecipitation of the TirirGroup. — Dilute in a 
small flask the first portion of the ammonium sulfide solution (P. 22) 
with about 20 cc. water, make it slightly acid with HCl (see Note 2), 
and shake the mixture for 2 or 3 minutes to coagulate the precipitate. 
(White or pale yellow precipitate, absence of tin-group; deep yellow 
or orange precipitate, presence of tin-group. — See Notes 4 and 5.) 
[Treat the second portion of the ammonium sulfide solution (P. 22) 
in the same way, and unite the precipitate, if considerable in amount, 
with the first one.] Filter out and wash the precipitate, using suction, 
finally sucking it as dry as possible. (Precipitate, P. 4 1 ; filtrates, reject.) 

Notes. — /. In cases where the filtration is slow, where the precipitate must be 
washed with very little water, or where (as in this case) it must be freed as far 
as possible from water, it is admsdble to filter with the aid of suction. This op- 
eration is carried out by reinforcing the ordinary filter with a small hardened 
filter placed below it in the funnel, by inserting the funnel in a rubber stopper in 
the neck of a filter-bottle, and connecting the side arm of the filter-bottle to a 
suction-pump by means of a rubber tube carrying a screw-damp. The sudbUm 
should be applied very gradually so as to avoid breaking the filler. The fiUrate 
should be poured out of the filter-bottle before beginning to ujash the precipitate. 

2. Whenever it is directed to make a solution slightly add or alkaline, this 
should be done carefully as follows: Add from a graduate somewhat less acid or 
alkali than wiU neutralize the alkali or acid known to be present in the solution. 
Then add from a dropper more of the acid or alkali, a drop or tu)o at a time, tiU 
a glass rod dipped in the solution and touched to a piece of blue or red litmus paper 
placed on a watch-glass changes the color of the lUmiLS. 

3. When the HCl is added to the solution of the sulfosalts, the correspond- 
ing sulfoacids which are liberated decompose immediately into H2S and the 
solid sulfides. These are now necessarily in the higher state of oxidation, since 
the lower sulfides, if originally present, have been oxidised by the polysulfide. 
The fact that the sulfide precipitates when the solution of the sulf osalt is acidified 
is a consequence of the mass-action-law. Thus, since the complex anions 
dissociate according to the equations, 

SnS,— = SnS2+8— , 2A^— = AflA+38— , 28bS4— - = SbiS6+38— , 
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this law evidently requires that, in any solution saturated with the solid sulfide, 
the concentration of the complex anion, and therefore of the tin, arsenic, or 
antimony in the solution, increase with increasing concentration of the 8~ ion. 
Now in the solution of the largely ionized (NHi)iS there is a large concentration 
of S~ ion; but when the solution is made acid with HCl, the S~ ion is almost 
completely converted by the relativly large concentration of the H'*' ion into the 
slightly ionized substances HS" and HiS. 

4. Much time is ordinarily saved by determining at this point whether or 
not any element of the tin-group is present. When anmionium monosulfide 
has been used, there is never any difficulty in drawing a definit conclusion 
in regard to this from the size and appearance of the HCl precipitate; for 
in the absence of the tin-group only a very small, nearly white precipitate of 
finely divided sulfur separates. Even when ammonium polysulfide has been 
used, it is usually possible to decide as to the presence or absence of 
a small quantity of arsenic, antimony, or tin; for, altho considerable sulfur is 
then liberated, yet the precipitate is distinctly lighter colored and smaller in 
appearance when it consists only of sulfur than it is when even 1 mg. of arsenic, 
antimony, or tin is present with the sulfur. The difference is most marked when 
only a slight excess of HCl has been used in the acidification and when the 
acidified mixture has been shaken, but not heated. ■ In any doubtful case, the 
precipitate should be compared with that produced by acidif3ring 5-10 cc. of am- 
monium polysulfide to which 1 mg. of arsenic, antimony, or tin has been added. 

5. When, however, the HCl precipitate from a polysulfide solution is fairly 
small and is dark brown (indicating copper) or dark gray or black (indicating 
mercury) or of unpronounced yellow or orange color, so as to make any con- 
clusion as to the tin-group doubtful, the precipitate is best treated as follows: 
Heat it with 15-20 cc. NH4OH almost to boiling for 5 minutes and filter; 
test the precipitate for copper by P. 31, 35, and 37, if it has not already been 
found present; add to the filtrate a few drops of anmionium monosulfide, 
filter out any precipitate, heat the filtrate to boiling, make it acid with HCl, 
shake, filter out the precipitate, and treat it by P. 41 as usual. The character 
of the HCl precipitate now obtained wiU clearly indicate the presence or ab- 
sence of the tin-group; for by t^he treatment with NH4OH the excess of sulfur 
originally present and any CuS is left undissolved, and by the (NH4)aS added 
to the solution any mercury present is precipitated, so that the HCl precipi- 
tate can contain only sulfides of the tin-group and a very little sulfur. AaAf 
SbaSB, and SnSs all dissolve in NH4OH (tho in the cases of SbsSs and Sn^ 
less abundantly than in anmionium sulfide), owing to the formation of a mix- 
ture of salts of partially sulfurated acids, such as HsAsOsS and HsAsOiSf. 
The addition of (NH4)2S to the NH4OH solution and the heating serve to 
convert these into the fully sulfurated acids, such as HsAsS4 ; from which HCl 
wiU then precipitate the simple sulfides much more completely. — ^The inci- 
dental removal of the small amounts of CuS and HgS by the NH4OH treat- 
ment is not necessary so far as the analsrsis of the tin-group is concerned, since 
their presence does not interfere with the detection of even 1 mg. of arseme, 
antimony, or tin; but it does enable 1 or 2 mg. of copper to be detected which 
might otherwise be lost. — In this connection it may be mentioned that a mix- 
ture of SnSs and SbfSs does not alwa3rs have a color intermediate between the 
yellow and orange colors of the separate sulfides, but that it may be brown or 
dark gray. 
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ANALYSIS OP THE COPPER-QBOUP. 



Table V. — ^Analysis op the Coppbb-Gboup. 



BasiDUB FBOM AMMONIUM BULFiDB treatbcent: HgS, PbS, Bi2S8, CuS, CdS. 

Boa wUh HNO% (P. St). 



Residue: HgS. 

Add Br^ solvium (P. S2). 


Solution : Pb, Bi, Cu, CJd as nitrates. 
Add H2/SOA, evaporaU, add uxUer (P. SS). 


Residue: 

fiulfur 


Solution: HgBii2. 
Add SnCh. 


Precipitate: 
PbS04. 

Dissolve in 
NHiAc, 

add K2CTOA 
(P. 54). 


Filtrate. Add NH4OH {P.S6). 


Ik^UlAUX • 


Precipitate: 

Bi(0H)3. 

Add Na^nCh. 

(P. se). 






White or gray 

precipitate: 

Hf^Cls or Hg. 


Fatrate: Cu(NH3)4S04, 
Cki(NH3)4S04. 




To asimaU 
partadd 
HAc and 

KiFe(CN)(i 
(P. 37). 


To the 




YeUow 

precipitate: 

PbOr04. 




Black residue: 
Bi. 


remainder 

oddKCN 

andHi/S 

(P. 38). 




Red 
precipitate: 
Cu2Fe(CN)6. 

White 

precipitate: 

Cd2Fe(CN)e. 


YeUow 
precipitate: 

CdS. 

Solution: 

KgCu(CN)4. 



Procedure 31. — Treatment of the Sulfides with Nitric Acid. — To 
the residue from the ammonium sulfide treatment (P. 22) in a casse- 
role add 10-20 cc. 2-normal HNOs solution, heat to boiling, and boil 
gently for a minute or two. Filter, and wash the residue. (Residue, 
P. 32; solution, P. 33.) 

Notes. — 1. Boiling HNOs of this concentration dissolves the sulfides of 
lead, bismuth, copper, and cadniium almost immediately, and is therefore 
preferable to a more dilute acid, with which the reaction would require for 
its completion several minutes' boiling. Only a little HgS is dissolved by 
this treatment, unless the boiling is long continued. 

2. Moderately concentrated HNO^ dissolves sulfides much more rapidly 
than HCl or HsSOi of the same concentration; for with the latter acids the 
sulfide-ion is removed from the solution only by combination with the hydrogen- 
ion and by the volatilization of the H3S formed thereby, while with HNOs 
the sulfide-ion (or the H3S in equifibrium with it) may also be destroyed by 
oxidation to ordinary sulfur. The oxidizing action of HNO^ is, however, slow, 
unless it is hot and as concentrated as 2-normal. 
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3. That HgBf unlike the other sulfideB, does not diasolTe in the dilute HNO^ 
18 doubtless due to the much smaller concentration of its ions in its saturated 
solution and to the fact that at this small concentration sulfide-ion (or the 
H|S in equilibrium with it at a correspondingly small concentration) is oxidised 
only very slowly by the dilute HNOj. HgS is, however, readily dissolved by 
more vigorous oxidizing agents, such as aqua regia or bromin solution, since they 
react rapidly with su)fide4on (or with HiS) even when its concentration is very 
small. 

4. If more concentrated HNOs be used, or if the add become concentrated 
by long boiling, the black HgS is dissolved in part, and the remainder is con- 
verted into a heavy, white, difficultly soluble compound (Hg(N0t)s.2HgS). As 
a small quantity of HgS may be so converted even by the hot 2-normal HNOti 
the residue should be tested for mercury by P. 32, even if it is lightKSolored. 
A light-colored residue must often be tested also for tin (see Notes 2 aad 3, 
P. 32). 

5. When much lead, copper, or bismuth is present the sulfur fprmed 
generally encloses enough of the undissolved sulfide to give it a black tolor. 
A black residue is therefore not necessarily HgS, but must be further tested for 
mercury as described in P. 32. 

6. Some sulfur is always oxidized to HsS04 by the boiling HNO^; but, 
even in the presence of much lead, PbSOi is not precipitated, owing to itf 
moderate solubility in HNO^. 

7. Even when only 1 mg. of lead, bismuth, or copper is present with 500 mg. 
of mercury, enough of any of these elements is extracted from the residue by 
the HNO^ to giv a satisfactory test in the subsequent procedures; but in the 
case that 1-5 mg. of cadmium are associated with 300-^500 mg. of mercury, 
about four-fifths of the cadmium is retained in the residue, so that a corre- 
spondingly small precipitate of CdS is produced in the final test for cadmium, 
and 1-2 mg. may escape detection. 

Procedure 32. — Confirmatory Test for Mercury. — Transfer the 
readue undissolved by HNOs (P* 31), with the filter if necessary, to 
a casserole, add 10-40 cc. saturated Bra solution, cover the dish, and 
warm slightly for 5-10 minutes, with frequent stirring. Boil- the 
mixture until the bromin is expelled, and filter. (Residue, see Note 3.) 
Cool the solution, and add to it 15-20 drops of HCl and one drop of 
SnCU solution; then add 3-5 cc. SnCU solution. (White pre- 
cipitate turning gray, or gray precipitate, presence of mercxtrt.) 

Noiea. — 1. In the final test for mercury HCl is added to prevent the pre> 
dpitation of a basic tin salt when the SnCli reagent is diluted, to diminish 
the tendency of CuCl to precipitate, and to cause the formation at first of 
white Hg^Clf. For the last reason, also, a single drop of SnOs solution is first 
added to the cold solution. By the excess of SnCli the white precipitate is re- 
duced to gray, finely divided mercury. This darkening of the precipitate dis- 
tinguishes HgiCls from CuO, which may separate as a white precipitate if a 
large quantity of CuS was left undissolved by the HNOg in P. 31. 

2. If dements of the copper-group are present in large quantity (50- 
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500 mgOy the residue from the Bi«i treatmeat should be tested for tin, in order 
to guard against overlooking the presence of a small quantity of this elonent 
in the substance. For, as stated in P. 22, Note 6, a quantity of tin as large 
as 5 mg. (or even larger when stannous tin and osmium are both present) 
may remain entirely in the residue undissolved by ammonium sulfide when 
this residue is large. Any SnS or SnSt present in it is converted by the HNQi 
in P. 31 into metastannic acid (Hi3nOk)f very little of which is dissolved 
either by the acid or by the Br2 solution used in P. 32. 

3. To recover the tin from the residue^ proceed as follows: Digest the residue 
from the Bi«i treatment, if it is still dark-colored, with another portion of Bin 
solution (to extract the rest of the mercury), filter, reject the filtrate, and warm 
the residue slightly with 2-5 cc. ammonium monosulfide. Filter, and unite the 
solution with the main ammonium sulfide solution obtained in P. 22. By this 
procedure 2 mg. Sn can be detected. 

4. In case tin need not be tested for at this point, the residue may be more 
quickly dissolved by warming it with HCl and adding gradually a fittle solid 
KdOt. Metastannic add, being soluble in HCl, then passes into solution with 
the mercuric salt, but it does not interfere with the test for mercury. 

Procedure 33. — Precipitation of Lead with Sulfuric Acid, — ^To the 
HNOs solution (P. 31) add 10 cc. H2SO4 and evaporate in a casserole 
to a volume of 1-2 cc. until dense white fumes of HsSOi begin to 
come off. Cool the mixture, and pour it into 10-16 cc. cold water 
in a test-tube, rinsing the casserole with the same solution. Cool again, 
shake, and let the mixture stand 6 minutes, but not much longer. 
(Fine white precipitate, presence of lead.) Filter, and wash the pre- 
cipitate first with HsS04, and finally with a little water. (Precipitate, 
P. 34; filtrate, P. 35.) 

NottB. — 1. PbS04 is somewhat soluble both in water and in concentrated 
]Eb@04, but much less so in dilute HaS04, its solubility being scarcely appreciable 
in the cold &-normal acid. That the solubility in dilute ^SOi is less than that 
in water is due mainly to the conmion-ion effect. Concentrated HaS04 is, of 
course, an entirely different solvent. PbS04 dissolves fairly readily in dilute 
HNOk, owing to the tendency to form the intermediate HS04~ ion; henoe^ to 
ensure complete precipitation of PbS04, the HNQi must be removed by 
evaporation. To ensure complete precipitation it is also necessary to let the 
mixture stand a few minutes; for the solutions of substances which, like PbS04, 
are crystalline and appreciably soluble tend to remain supersaturated. 

2. When much bismuth is present it ordinarily dissolves at first when the 
water is added to the concentrated H2SO4, provided the mixture is kept cold; 
but from this solution a coarsely crystalline precipitate of an oxysulfate, such 
as (BiO)iS04, separates slowly upon standing in the cold but almost imme- 
diately upon heating, and to such an extent that there may remain in solution 
not more than 50 mg. of bismuth. If the precipitate is of this character, free 
it from bismuth before applying the confirmatory test for lead by pouring 
repeatedly through the filter a 5-10 cc. portion of HCl and treating the solution 
so obtained by P. 33. The evaporation with HaS04 is necessary in order to 
ensure reprecipitation of the FbSOi that has been dissolved by the Hd. 
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Procedure 34. — Confirmatory Tesi for Lead. — Pour repeatedly 
through the filter contaming the HsS04 precipitate (P. 33) a 10-20 
cc. portion of NEUAc solution. (See Note 1, P. 12.) To the filtrate 
add a few drops of K2Cr04 solution and 2-6 cc. HAc. (Yellow precipi- 
tate, presence of lbad.) 

Notes. — 1. This oonfinnatory test for lead should not be omitted; for the 
EU9Q| precipitate may conost not only of PbSO« but of (BiO)^9Q« or of BaSOsi, 
which last doeely resemblee FbSQ« in appearance. (BiO)iSQ« diflBolves in NH«Ae 
adulion and gives a yellow prediutate on adding E4C1O1; but this precipitate, 
unlike FbCiOiy dissolves readily in acetic add. 

2. The solubility of PbSOi in NH4AC solution depends on the formation 
by metathesis of undissodated PbAofe, this salt being mudi less ionised than 
most other salts of the same valence-type. On the addition of a chromate to 
this solution the much more difficultly soluble PbCr04 is predjntated. BaSOi 
is not dissolved by NH«Ac solution, owing to its very slight solubility in water 
and the fact that barium acetate, unlike lead acetate, is a largdy ionised salt. 

Procedure 35. — Precipitation of Bismulh vritii Ammonium Hy^ 
droxide.— To the HsSOi solution (P. 33) add NH4OH slowly until 
a strong odor of it persists after shaking. (White precipitate, possible 
presence of sisiiUTH; blue solution, presence of copper.) Shake to 
cause coagulation, filter, and wash the precipitate thoroly. (Precipi- 
tate, P. 36; filtrate, P. 37 and 38.) 

ATotes. — 1. The predpitate produced by NH4OH may consist also of Fe(OH)t, 
or of other hydroxides of the iron-group, if these elements were carried down 
in the H2S predpitate or were not oompletdy removed from it by washing. 
The formation of a small predpitate is, therefore, not a suffident proof of the 
presence of bismuth, and the confirmatory test of P. 36 must be applied. 

2. Cd(OH)t or Cu(OH)s, tho only veiy slightly soluble in water, dissolves 
in NH4OH owing to the combination of the Cd"^ or Cu'^ ion present in 
the saturated solutions with NH«, forming the complex cation Gd(NB«)4'^ or 
Cu(NHii)4'*~''. These complex cations have an extremely small ionisaldon 
tendency; thus in a normal NH4OH solution the ratio of the concentration 
of the complex cadmium ion to the simple cadmium ion is about ICF. The 
solubility of these hydroxides in NH|OH is greatly increased by the presence 
of ammonium salts, since these salts, owing to the common-ion effect, greatly 
reduce the ionisation of the NH|OH, and therefore the 0H~ concentration 
in the solution, thus enabling the Cd''^ or Cu'^ concentration, and there- 
fore also the corresponding complex ion concentration, to attain a much larger 
value than in the saturated solutions of Cd(OH)s or Cu(OH)s in NH4OH alone. 

Procedure 36. — Confbrmaiory Test for Bismuth. — Pour through the 
filter containing the well washed NH4OH precipitate (P. 35) a cold 
freshly prepared solution of sodium stannite (see Note 1). (Black 
residue, presence of bismttth.) 
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Notes. — 1. The solution of sodium stannite (NaiSnO^) is prepared wfaea 
needed by adding NaOH solution, a few drops at a time, to 1 cc. SnCIs reagent 
diluted with 10 cc. water, cooliog the mixture in running water after eadi 
addition, until the large precipitate of Sn(0H)2 first formed is dissolved and a 
clear or slightly turbid liquid results. The solution must be kept cold while 
it is being prepared, and it must be freshly prepared, because the stanmto 
decomposes spontaneously into stannate (NasSnOs) and metallic tin, and because 
it oxidizes in contact with air to sodium stannate. SnOiH2 is an example of 
a so-called amphoteric substance — one which acts either as a base or an add, 
as is shown by its solubility in both acids and alkalies. 

2. The final test with sodium stannite depends on the reduction of Bi(OH)t 
to black metallic bismuth. The test is an extremely delicate one. The other 
reducible substances, like HSbQs, Fe(OH)s, Pb(OH)s, or Cu(0H)2, that might 
possibly be present in the NH4OH precipitate are not reduced by short con- 
tact with stannite solution in the cold. Mercury, if present, would cause 
blackening; but it h not precipitated by NH4OH in the presence of anuno- 
nium salt. 

Procedure 37. — Confirmaiory Test for Copper. — Acidify one- 
fourth of the NH4OH solution (P. 35) with HAc, add one drop 
K4Fe(CN)e solution, and allow the mixture to stand for 2 or 3 
minutes. (Red precipitate, presence of copper.) Then add 4r-5 cc.' 
more K4Fe(CN)« solution. If it is uncertain whether there is a pre- 
cipitate, pour the solution through a filter and wash with a little' 
water. (Pink color on the filter, presence of copper.) 

Notes. — 1. The confirmatory test for copper is more delicate than the 
formation of a blue color with NH4OH (P. 35). It should, therefore, be tried 
even when the NH4OH solution is colorless. Cadmium is also precipitated 
by K4Fe(CN)e; but the precipitate is white, and does not prevent the pink 
color of the copper compound from being detected, provided only a small 
quantity of K4Fe(CN)e is added ; for the copper salt, owing to its smaller 
solubihty, is first precipitated. 

2. Nickel, Hke copper, givs a blue solution with excess of NH4OH; but 
even if present it would giv a green, not a red, precipitate with K4Fe(CN)ft. 

Procedure 38. — Detection of Cadmium. — Treat the remainder 
of the NH4OH solution (P. 35) with KCN solution (see Note 1), 
adding only a few drops if the solution is colorless, but enough to 
decolorize it if it is blue, and pass in HsS gas for about half a minute. 
(Immediate yellow precipitate, presence of cadmium.) 

Notes. — 1. In fjoorking with KCN bear in mind that it is extremely poisonous. 
Take care not to get it on the hands; also not to breathe its fvmes, especially wfien 
a solution containing it is acidified. 

2. By the addition of KCN the copper salt is reduced from the cupric to 
the cuprous state and then combines with the excess of KCN to form the com- 
plex salt K'*'8Cu(CN)4" (potassium cuprocyanide). This result is due to the 
fact that cupric cyanide tends to decompose spontaneously into cuprous cyanide 
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(CuCN) and cyanogen (CN)s, and that this reaction takes place completdy 
in KCN solution, owing to removal of the CuCN by combination with the excess 
of KCN. In the presence of NH4OH the cyanogen is not evolved as a gas, 
but reacts with it, forming cyanate (NH4CNO) and cyanide and other more 
complex products. The fact that neither CuS nor CU2S is precipitated from 
this solution by an alkaline sulfide shows that neither the Cu*^*^ nor Cu"*^ 
concentration is suflScient to cause the value of the product (Cu *"+) X (S~) or 
(Cu^)^X (S*) to attain that prevailing in solutions saturated with CuS or Cu^S. 
The extremely small Cu'*' concentration is due to the very slight ionization 
tendency of the complex anion Cu(CN)4*; thus it has been estimated that in a 
normal KCN solution the ratio of the concentration of the complex anion to 
that of the simple Cu"^ ion is about 10^. 

3. The cadmium ammonia salt is also converted by KCN into a complex 
cyanide, namely, K^2Cd(CN)4'" (potassium cadmicyanide), since its com- 
plex anion has a much smaller ionization tendency than the cation Cd(NH8)4'^; 
thus in a normal KCN solution the ratio of the concentration of the complex 
anion to that of the simple Cd**"*" ion is about 10^'. Yet this complex anion is 
sufficiently dissociated into Cd^'*' to cause the solution to become super- 
saturated with CdS when an alkaline sulfide is added. 

4. The presence of cadmium is shown by the inunediate formation of a yellow 
precipitate by the Hi3i but not by a yellow coloration of the solution nor by 
the separation of a precipitate upon standing. For, when much copper is 
present and the solution is saturated with H]3 &Qd allowed to stand, the solu- 
tion soon becomes of a deep yellow color and an orangenred crystalline precip- 
itate may later separate from it, owing to the fact that the orange-red com- 
poimd (CSNHs)s is formed by union of the H2S with the (CN)s set free by 
the reduction of the Cu(CN)s. 

5. A very small black precipitate (which may be due to HgS or PbS) may 
sometimes be produced in the final test for cadmium with H2S ; but, provided 

, . the analysis has been properly conducted, not in sufficient quantity to pre* 
vent the yellow color of 1 or 2 mg. of CdS from being seen. In case a black 
precipitate is produced, and thus prevents a positiv conclusion as to the preB-> 
ence or absence of a little cadmium, the precipitate may be treated, in order 
to eliminate the black sulfide, as follows: Filter out the precipitate, wash it 
thoroly, rinse it into a casserole with about 15 cc. of I.2-normaI HaS04i 
cover the casserole, boil the mixture gently for 5 minutes, filter it, oool the 
filtrate, add to it three times its volume of water, and pass H|S into it for 
5-10 minutes. A yellow precipitate of CdS will then be obtained if cadmium 
is present. 
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Rrocedore 41.-— TVeolm^nl 0/ (Ae Sulfides wiih Strang Hydrwhlone 
Add. — ^Transfer the precipitated sulfides dried by suction (P. 23) to 
a test^ube, add from a small graduate exactly 10 cc. 12-iionnaI HCS, 
place the test-tube in a small beaker of water, heat the water till the 
eontents of the tube begin to boU, and then keep the water for ten 
minutes at a temperature which causes only slight bubbling in the 
tobe, stirring its contents from time to time. Add 3 cc. water, and 
filter with the aid of suction. Remove the filtrate, and treat it by 
P. M. Wash the residue with 6-normal HCl, and treat it by P. 42. 

Natm. — ^1. If a much weaker HGl eohitioD tlmn the acid of 12-«iomial eon- 
ecntration is used, cr if the acid beoomeB dilated by an mmeceaaaiy quantitj of 
water left in the pteoqutate, moi^ SbA win be kft midiflBolved. Even with 
the stroDg add acme 8bA may remain undiiwolved, wqwwially when a large 
guantity is present, in idiich case the residue if small in amount will have an 
orange color. This small quantity of 8bA would be only veiy dowly removed 
by further treatments with HGl; it does not, however, interfere with the sob- 
■eqoent teets for amnio. MoreoTor, when only a small quantity of 8faA is 
originaHy p resent, a large prcyorticm of it is ertracted, so that it will not escape 
detection. SbA diaeolves with formation of SbCb, the element being redooed 



p. 41 ANALYSIS OF THE TIN-QBOUP. 61 

firam tiie iitiBionic state by the Hs8 with libenitkm of sulfiir; SoSi dioBolves 
with f onnatkm of SnCU. 

2. If the aohitiofQ be heated so that only slight bubbUng oooon during the 
tieatment with HC!, the amount of AbA which dissolves in ten minutes is 
insignificant. But this is no longer true if the solution be allowed to boil rapidly; 
for the boiling expek from the solution the Hs8 liberated horn the other sulfides 
or by slight decomposition <^ the AaA itself^ and thus enables the decomposi* 
tkm of the latter to proceed further. 

8. AiA IB more rapidly diasdlved by HGl than is AaA- U the former 
can be p rese n t in the precipitate (which can be the case only when ammonium 
monosulfide was used for separating the copper and tin groups), the procedure 
should be modified by saturating with BS gas the cold concentrated HGl 
with which the sulfides are treated, and by passiDg a slow cuirent of QiS gas 
throui^ the mirture during the heating. Under these conditions scarcely any 
AaA dissolves. 

4. About 3 cc. water are added to the HGl solution to enable it to be fil- 
tered. If more is added and the BS has not all been eipeDed from the solu« 
Uon, a precipitate of SbA may separate. If tins hi^pens after the filtration, 
it does, of course, no harm. 

5. Gare must be taken to follow closely the directions in regard to the 
quantity of HGl used and to avoid any loss of the solution in the filtration; for 
the subsequent separation of antimony and tin (P. 44) depends upon a proper 
concentration of the acid. 

6. The greater part of any GuS and Hg|3 present will be dissolved by the 
HQ, and win be precipitated Utter with the 8bA (P- 44). A little remains 
with the AfltA» but tins does not interfere with the tests for arsenic. 

Ptocedure 42. — Detection of Arsenic. — ^Warm the residue from 
the HCl treatment (P. 41) with &-10 cc. 6-normaI HCl, adding solid 
ECIQi 0.1 g. at a time mitil the reaction is complete; filter off the 
sulfur, and evaporate the solution to about 2 cc. Add NH4OH gradu- 
ally until the solution after shaking smells of it; cool, filter off and 
reject any precipita^. Add to the filtrate in a test-tube about one- 
third its volume of 16-normal NH4OH and several drops of mag- 
nesium ammomum chloride reagent, and shake. If no precipitate 
appears, rub the walls of the test-tube gently with a glass rod for a 
minute or two. (White crystalline precipitate, presence of abssnxo.) 
Ck)llect the precipitate on a filter and wash it once vnth 6-normal 
NH4OH. (Palpitate, P. 43; filtrate, reject.) 

Noiea. — 1. The main reaction between KdOi and concentrated HGl is the 
formation of Gd; the yeDow color results from the formation of a small priH 
portion of chlorine dioidde, GIQ|. 

2. AiiSi, tho only very slo^ dissolved by HGl alone, is dissolved rapidly 
by it in the presence of Gli, because of the destruction by oxidatUm of the 
sulfide-ion and of the BS formed from it. The same principles are involved 
as in the action of HNO^ on sulfides (see P. 81, Note 2). It is dissolved with 
formation of HaAsOi; the proportion of AsGb that exists even in a strong 
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HCS solution is extremely small. When, as here, arsenic is prasent in the 
higher state of oxidation, solutions of it may be boiled without loss of an 
amount of arsenic significant in qualitatiy analysis. 

3. A white precipitate produced on adding NH«OH may arise from the 
p r esen ce of mercury. The NH4OH solution may contain not only anenie, 
but also the small quantities of copper (if ammonium polysulfide was used), 
antimony, and stannic tin that were not dissolved out of the sulfide predpitate 
byHCL 

4. The test for arsenic depends on the formation of magnesium ammonium 
anenate, MgCNHOAsQi. Ihis salt is somewhat soluble even in cold water, 
and therefore the solution tested should be fairly concentrated. Owing to 
hydrolysis (into NH4OH and Mg'"^HAsOr), the precipitate is much more 
soluble in water than in a strong NH4OH solution; hence the addition of a 
large quantity of the latter. Like other crystalline predpitates, it tends to 
form a supersatiutited solution. Precipitation is promoted by agitation, by 
rubbing the walls of the tube with a glass rod, and by increasing the degree 
of supersaturation, which is done by concentrating the solution and adding 
NH4OH. Provided these precautions are taken and the total volume of the fimal 
solution does not exceed 5 cc., the presoice of 0.5 mg. of arsenic can be detected. 
Care must be taken not to scratch the glass by violent rubbing, since the pow- 
dered glass may be mistaken for the MgNHiAsOi precipitate. 

6. The magnesium ammonium chloride reagent contains MgCSt umI Nflbd- 
The iniesence of the latttf salt, by reducing the 0H~ concentration, prevents 
the predpitation of Mg(OH)s by NH«OH. 

Procedure 43. — ConfimuUory Test for Arsenic. — Dissolve the 

MgCls.NH4Cl precipitate (P. 42) by pouring 5-10 cc. HCl through 

the filter, saturate the solution with HsS, heat it nearly to boiling, 

and pass in HsS again for 5 minutes. (White precipitate turning 

yellow, presence of absenic.) 

Noie8, — 1. The slow formation ai a pale ydlow precipitate with QiS ia a 
eharactariBtic test for HiAsOi. The precipitate is a mixture of AaA, AciSi, 
and sulfur; the proportion of AssSs being smaller, the higher the temperature 
at which the precipitation takes place and the smaller the ccmcentration of 
the Ha. 

■ 

2. A considerable amount of HfS is absorbed by a cold HsAsOa solution 
before any precipitate appears. This is due to the conversion of a part of the 
HtAsOi into HiAsOiS, which then decomposes slowly, giving HiAsQi and 
sulfur. This last decomposition is accelerated by increasing the H'*' con- 
centration and by raising the tempo-ature. The H«AsO| formed reacts at 
once with HsS, and AaA is precipitated. The reactions taking place are: 

H4ASO4 + l^-HsAsO^+B^, 
H«AsO^ »HsAsQi +S, 

whioh together giv the resultant reaction, 

2H4As04+5H^ » AflA+3i+8H«0. 

The rate ai this reaction depends upon the rate of the slowest of the separate 
reactions — ^the decomposition of the HiAsOiS — and on the quantity of this 
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' • idbfltanoe which has been produced by the first reaction. This quantity seems 
to be determined by the equilibrium-conditions of the first reaction rather 
than by its rate; for it is larger when the solution is saturated in the cold with 
HiS, doubtless owing to the greater solubility of the HsS in the cold solution. 
This explains why it is advantageous to saturate the solution with Q2S first 
in the cold. Having formed in this way as large a proportion of H«AsOkS as 
possible, the solution is then heated in order to cause decomposition of this 
substance according to the second reaction. 
3. Afi^Ss results from an independent reaction, taking place slowly, as follows : 

2H4ASO4+5H8S » AfiA+8B^. 

The fact that it is the main product of the action of the HfS when the solu- 
tion is cold and concentrated in HCl is doubtless due to the conversion of more 
of the H«As04 into AsCle under these conditions (\^ch are those least favor- 
able to hydrolysis) and to the partial ionization of the AsCU iuto As* • " ' 
and Cl~ ions. 

Procedure 44. — Separation of Antimony and Tin. — Dilute the solu- 
tSon from the HCl treatment of the sulfides (P. 41) with water to a vol- 
iline of 55 cc, transfer it to a small flask placed in a 400-cc. beaker of 
water, heat the water to boiling, and pass into the solution a moderate 
current of HsS gas for &-10 minutes but not longer, keeping the water 
in the beaker gently boiling. (Orange-red precipitate, presence of 
ANTIMONY.) Filter while hot, and wash the precipitate with hot water. 
(Precipitate, P. 45; filtrate, P. 46.) 

, Notet, — 1. By following carefully the directions given in P. 41 and in this 
prooediure, a good separation of antimony and tin may be obtained; thus, 
when only 1 mg. of antimony is present it is precipitated, while even 500 mg. 
of (stannic) tin giv no precipitate. If, however, the HCl solution be more con- 
centrated, a small quantity of antimony wiU escape detecti<m. On the other 
hand, if the HCl solution be more dilute, or if it be not kept hot, some SnSi 
may precipitate when a large amount of tin is present. When SnSs is mixed 
with a little SbsSt a brown precipitate results. 

2. If mercury or copper be present in the substance and ammonium poly- 
sulfide has been used in separating the copper and tin groups, HgS or CuS may be 
precipitated at this point as a gray or black precipitate. 

t^ocedure 45. — ConfirmaJtory Test for Antimony. — Dissolve the 
%8 precipitate (P. 44) in a little 12-normal HCl in a small casserole, 
anKl evaporate the solution to about 1 cc. Cool, introduce beneath 
the solution a strip of platinum foil, and place upon the platinum a 
layer of granulated tin. After several minutes wash the platinum foil 
carefully with water, and immerse it in NaOCl solution. (Black deposit 
on the platinum undissolved by NaOCl, presence of antimont.) 

N0U8, — 1. Mercury and copper, if present, will also be precipitated in the 
metallic condition upon the platinum, but the antimony may be easily distin- 
guished from the gray deposit of mercury or the reddish one of copper by its 
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ecMl-blaek eolor. Tm Is osed, nlher than smc, m pwripitatmg the 

2. By I1m» eontMt of flie pbtnmm wiQi flie tin a ToKaio oeD is fonMd, 
wiUi the raaolt that the hjdro0BQ 10 libented on the eurfaee ol the phftisiim, 
instead of on that <tf the tin, as H woakl be if tin alone wero need. Tbiiliaa 
the adrantagea of aoodefating the action of the acid on the tin, and of caoaing 
the antimony to deposit on the phUinum, where it oan be more readily oeen. 

3. The treatment with NaOCl senree to prore that the bhudc precipitate 
does not oonaiet of arsenic ; for this element is readily d iae o lv ed 1^ it, while 
antimony, copper, or mercury is not. Since, however, 6-10 mg. of amnio mnit 
be present before the treatment with tin would giy a deposit on the platinni, 
an arsenic deposit is not likely to be obtained in a pn^wrty eondoeted analjm. 

4. The quantity of antiniony present can usually be better estimated from the 
siae of the HaS precqutate than from the i^ipearance of the black deposit on the 
piatinunL 

Rrocedme 46.— Detectum of Tin.— Cool the filtrate from the Hi3 
precipitate (P. 44)^ dilute it with 25 cc. water, saturate it with Hi3, 
cork the flask, and let it stand for 10 minutes. (Yellow preciintate, 
presence of tin.) 

Confirmataqf Test far Tin. — ^If HsS has produced a predpitftte, 
evaporate the mixture without filtering to 2-3 cc, pour it into a small 
conical flask, add 10 cc. water and 10 g. of finely granulated lead, cover 
the flask with a small watch-glass, and boil slowly for 5 to 10 minutes. 
Pour the hot solution through a filter into 10 cc. 0.2 normal HgClt seda- 
tion. If there is a precipitate, heat the mixture to boiling. (White 
precipitate, presence of tin.) 

NoU$, — 1. The solution is precipitated with B^fi in the cold, beoanse a 
small quantity of SnSt would not separate from a hot solution unless the aeid 
were more dQuted. The addition of much water is avoided, since it has to be 
en^xmted off in the confinnatory test. When only a small quantity (OJM 
mg.) of tin is present, the precipitate <tf SnSi produces in the sohition a ydloii^ 
ish transhioent turbidity, which is readily distinguishable from the trace of 
finely divided sulfur fdiich may sq>arate. 

2. With tespec^ to the coi^Brmatory test the following points deserve men- 
tion. The precipitate of SnSi is not filtered off but is dissolved by ccmcentcatiBg 
the add by evi^wrationt since it dogs the filter and tends to pass through it. 
Since 8nC% ozidiaes rapidly in the air, the solution in HGl is imniediately added 
to the HgCIt s o l u tion, llie mixture is finally heated to boiling to make sure 
that the predpitate is not PbClt. 
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PRBCIPITATION AND 8BPABATION OF THB ALUMINUM AND IRON OBOUP8. 



Tablb Vn. — ^Pbbcipitaiton and Sbpabation of ihb ALUMDniM AND Ibon GBOun. 



Vn/raATB FBOM IHB HTDBOGEN SULnDB pbbcipitatb. 

Add NH^H in exeesa (P. 51), 



I¥eoipitate*: Al(OH)s, Gr(OH)s, Fe(OH)s^; also Mn(OH)t after exposure to air 
Sohitkm: Salts of Zn(NH«)4, Ck>(NH«)4, Ni(NHs)4, Mn, Ba, Sr, Ga, Mg, K, and Na 
Add (NHMSandfiUer (P. 51). 



Plecipitate*: Al(OH)s, Gr(OH)s, FeS, ZnS, MnS, CoS, NiS. 
Diaaobe in HCl and HNOt, odd NaOH (P. 52). 



Fkeoipitate*: Fe(OH)t, Mn(OH)t, Co(OH)t, Ni(OH)t. 
Sohition: NaAlOt, NaCrQi, NatZnQi. 
Add Nafit andfiUer (P. 52). 



FiUnte: NaAlOi, NatCrOi, 
NatZnQi. 
See Table Vm. 



Ftedpitate*: Fe(OH)s, 
MnO(OH)t, Co(OH)s, 
Ni(OH)t. 

See Table IX. 



Ffltrate: Salts of Ba, 
Sr. Ca, Mg. E, Na. 



^WlMBplioipli«leiipNMDtinth*aolatioii,fb«M pcwipitetM may eontain th* pboipluiftMof 
othanHn pcwipitatod m hjrdroiidaa, and alio tha phoaphatea of barium, atronliiiin, «aWwn, 



Procedure 51. — PrecipUatian of the Alurnxnum and Iron Oroupa. — 
Bdl the filtrate from the HsS precipitate (P. 21) till the HsS is ex- 
pelled. Add to it 10-16 CO. NH4OH, shake, and note whether there is 
a precipitate. Add ammonium monosulfide slowly (or, in case nickel 
seems to be present, pass in HsS) until, after shaking, the vapors 
in the flask blacken moist PbAcs paper. Heat the mixture nearly to 
boiling, shake it, and let it stand 2 or 3 minutes. (Precipitate, pre- 
sence of ALUMINUM-GBOUP Or IBON-GBOUP Or of ALKALINE-BABTH 

PHOSPHATE.) Filter, and wash the precipitate, first with water con- 
taining about 1% of the (NHOsS reagent, and then with a little pure 
water. If the filtration is slow, keep the funnel covered with a watch- 
glass. To the filtrate add a few drops (NH4)sS, boil the mixture for 
a few seconds (or, in case it is dark colored, until it becomes colorless 
or light yellow); filter if there is a precipitate, uniting it with the 
preceding one. (Pteciintate, P. 52; filtrate, P. 81.) 
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Nois$.—l. The HsS is boiled out and the effect of the additkm d NH^H 
alone is noted because it often ^ys a useful indication as to ^liat elements are 
present. To save time the expulsion of the HjS may be omitted when this 
indication is considered unimportant. Only a slight excess of ammonium 
■Mmosulfide is used, in order to prevent as far as possible dissolving the NiS. 
By passing %S into the ammoniacal sdution, instead of adding (NHiJiSt the 
dissolving of NiS is entirely prevented; therefore, tho the operation takes a 
little longer, the use of H^S is to be preferred when nickd is likely to be p re s e nt. 
Tlie mixture is shaken in order to coagulate the precipitate and make it filter 
more readily. Heating also promotes the coagulation of the predfutate; heat 
is therefore applied when the precipitate does not coagulate sjid settle quid4y 
on shaking. The filtrate is boiled for a few momoits to ensure the complete 
precipitation of Cr(0H)3, or longer to ensure that of NiS, whose presence is 
indicated by a brown or nearly black colw of the filtrate. Finally, it is directed 
. to wadi with water containing a little (NHOiS and to keep the filter covered, 

in order that some excess of (NH4)sS may always be present ; for, if the (NHJiB 
adhering to the precipitate is removed by oxidation or by volatilisation (as 
HsS and NHi), the suU&des are oxidized to soluble sulfates by the air. 

2. Under the conditions of the procedure, which provides f w a small exoess 
oi NH^H in the presence of ammonium salt, aluminum, chromium, and iron 
are completely precipitated. Al(OH)s is white; Cr(OH)t, grayish green. Tlie 
color of the precipitated iron hydroxide varies with the state of oxidation of the 
iron, pure ferrous salts yidding a white precipitate, and ferric salts a reddish 
brown one, whfle mixtures of them yield green or black precipitates ; in tlie 
alkaline mixture the precipitate is rapidly oxidised by the oxygen of the air and 
undergoes corresponding changes in cdor. Under the conditions of the proce- 
dure manganese is not precipitated as Mn(OH)s; but in the alkaline solution 
the manganous salt is rapidly oxidised by the air with the formation of a 
brown precipitate consisting of Mn(OH)s and MnOsHt (a hydrate of MnOi). 
Zinc, nickd, and the alkaline-earth elements remain in solution; nickd yidd- 
ing a blue solution. Cobalt also remains dissolved (yidding a pink sdutiim), 
unless the quantity present is large, in which case a blue predpitate may 
separate; owing to oxidation the solution ra^ndly changes to a dark orange, 
and the predintate to a bright green color. When much chromium is present, 
sine and magnesium may be comidetely prediMtated in combination with it. 
If a much larger excess of NH^H is employed than is directed, a few milli- 
grams of aluminum and chromium may be dissolved, the latter giving a pink 
colored solution. 

3. The presence of ammonium salts in the solution serves to prevent the 
precipitation of Mg(OH)s, and also to lessen the amount ni Al(OH)s dissolved 
by the NH^H. 

4. The influence ai an excess ai the NH^H and of the presence of am* 
monium salt on the solubilities of the various hydroxides is explained by the 
mass-action law and ionic theory as follows: In order that any hydroxide, 
say of the type MO!2Q2t Quiy be precipitated, it is necessary that the product 
(M^) X (OH-)* of the concentrations of the ions M++ and OH" in the sohi- 
tkm under consideration attain the saturation-value of that product. This 

r ' saturation- value varies, of course, with the natiure of the hydroxide; but for 
an the elements of the iron-group and for magnesium, it is so small thai 
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even in a solution containing in 50 cc. only 1 mg. of the element and a slight 
excess of NH«OH, the product (M"*^) X (0H~)' exceeds it, and precipitation 
results. When, however much ammonium salt is also present, this greatly 
reduces, in virtue of the oonmion-ion effect, the ionization of the NH«OH and 
therefore the 0H~ concentration in the solution, so that now for certain ele- 
ments the product (M^) X (0H~)' does not reach the saturation- value, even 
when (M"*"^) is moderately large (say 500 mg. in 50 cc.). This is true of mag- 
nesium and manganese; but in the cases of the trivalent elements, aluminum, 
chromium, and ferric iron, the solubiUty of the hydroxides in water if so slight 
that even in ammonium salt solution the solubility is not appreciable. 

If these were the only effects involved, the greater the excess of NH4OB 
added, the less would be the solubility of any hydroxide; but othei influences 
come into play with certain of the elements. These influences are of two kinds. 
The first of these is shown by adnc, nickel, and cobalt. In the case of these 
elements, just as with silver and copper, the excess of ammonia combinee with 
the simple cation M^***, forming complex catione of the types M(NH3)s''^ 
and M(NH3)4'*^, thereby removing the simple cation from the solution and 
making it necessary for more of the hydroxide to dissolve in order to bring 
back the value of (M^^) X (OH')' to the saturation-value. In such a case the 
presence of ammonium salt increases the solubility still further, since it greatly 
decreases the value of (0H~), owing to the oonmion-ion effect on the ionization 
of the NH4OH. Chromium also forms similar anunonia complexes, but in 
much smaller proportion. 

The second kind of effect is exhibited in the case of AlOA. This hydroxide 
is another example of an amphoteric substance; for it behaves both as a base 
and as an acid in consequence of its being appreciably ionized both into 0H~ 
and Al^'"^ and into H"^ and AIO3H2- (or into H"^, AlO^-, and &0). 
With the H^ arising from the latter form of ionization the OH~ coming from 
the excess of NH4OH combines to form HsO, so as to satisfy the mass-action 
expression for the ionization of water, (H^) X (0H~) =» a oonstani (whidi 
has the very small value 10~^^ at 25°). This causes more AlQsHs to dis- 
solve until the product (AIOz') X (H*^) again attains its saturation-value. This 
shows that the quantity of aluminum dissolved increases with the OH~ con- 
centration in the solution, and that therefore it would be much greater in a 
solution of a largely ionized base like NaOH than in that of a slightly ionized 
base like NH4OH. It also shows that the presence of anmionium salts tends 
to neutralize the solvent action of an excess of NH4OH, since they decrease the 
0H~ concentration in its solution. 

5. It follows from the statements in the preceding notes that, if NH4OH 
produces no precipitate, it proves the absence of as mudi as 1 mg. of aluminum 
and iron; also of chromium, if the mixture is heated to boiling after the addi- 
tion of NH4OH. Care must be taken not to overlook a snudl precipitate which 
might otherwise escape detection on account of its transparency. The mixture 
should therefore be heated and shaken and allowed to stand 2 or 3 minutes, in 
order that the precipitate may collect in flocks. This treatment also oxidizes 
the iron when present in small quantity, and thus enables it to be more 
readily detected; for its precipitation in the ferric state is more complete. 

6. When phosphate is present, magnesium, calcium, strontium, barium, 
and manganese may be partially, or even completely, precipitated by NHiOH 
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The reasons for this are as followBL The nOTmal pho6|4iateB and the mono- 
hydrogen phosphates of these elements are difficultly scrfuble in water, but dia- 
sohre readily in acids, owing to the formaticHi in solution of the modi more 
soluble dihydrogen phosphates and of free phosphcnrie add. Upon the addi- 
tion of an excess of NH^H to such a solution these acid compounds are oon- 
▼erted into the normal phosphates, and these are rqiredpitated. It is therefore 
necessary, when phosphate is present, to provide f w the detection of the alkaline- 
earth elements in the analysis of the NH«OH predpitate. They are, however, 
not necessarily found in that predpitate; for, when other dements, like iron 
and aluminum, which form much less soluble phosphates, are also pr e se nt , 
these may combine with all the phosphate4on present, thus leaving the 
alkaline-earth dements in solution. 

7. The presence of any other acidic constituent which fonns with the 
alkaline-earth dements salts soluble in dilute acids, but insoluble in ammonia, 
may also cause their precipitation at this point. Fluoride is the only oonmion 
inorganic constituent of this kind, and it will ordinarily have been removed 
in the evaporation with adds in the preparation of the solution. 

8. (NH4)sS predpitates ZnS, MnS, NiS, and CoS, and converts Fe(OH)t 
into FeS, and Fe(OH)s into Fe^. The hsrdroxides (tf aluminum and rfiwwninin 
are not affected by the (NH4)sS. 

9. The sulfides of iron, nickd, and cobalt are black; ZnS is white; and 
MnS is flesh-colored, but turns brown on standing in the air, owing to ozidar 
tion to Mn(OH)s and MnQiHs. 

10. When nickd is present alone or when it forms a large prc^xxrtion of 
the (NHOsS predpitate, several milligrams of it usually pass into the filtrate, 
giving it a brown or black color; and some NiS also passes through the filter 
with the wash-water. In this case it is usdess to try to remove the NiS by fil- 
tering again, but it can be coagulated by boiling for several minutes. The 
brown solution is formed only in the presence of ammonium polysulfide. Its 
formation can, as stated above, be avoided altogether by passing QiS into the 
NH4OH solution, instead of adding the anmionium monosulfide reagent, wiiidi 
after exposure to the air always contains some polysulfide. The nature of the 
brown solution is not known. 

Procedure 52. — Separation of the Aluminum-Group from the Iron- 
Group. — ^Transfer the (NH4)iS precipitate (P. 51), with the filter 
if necessary, to a casserole; add 5-20 cc. HCl, stir for a minute or 
two in the cold, and then boil the mixture for 2 or 3 minutes; if a 
black residue still remains, add a few drops of HNOs and boil again. 
Add 5-10 cc. water, filter off the sulfur residue, and evaporate the fil- 
trate almost to dr3mess to remove the excess of acid. (See Note 2, 
P. 12.) 

Dilute the solution to 10 or 20 cc, and add to it NaOH solution, a 
few drops at a time, till the solution turns red litmus paper blue, 
adding 10-20 cc. more water if so large a precipitate separates that 
the mixture becomes thick with it. Place the casserole in a dish of 
cold water, and add 0.5-2.0 cc. NasOs powder in small portions with 
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ooDstant stirring. (See Notes 5 and 9.) Then add 5 cc. 3-normal 

NaiCOt solution; boil for 2 or 3 minutes to decompose the excess of 

NatOt, cool, dilute with an equal volume of water, filter with the help 

of suction, and wash with hot water. (Precipitate, P. 61; filtrate, 

P. 53.) 

Nois$. — 1. All the hydrozideB and aU the sulfides, except NiS and Co8, 
usuaUy diasdlye readily in cdd HGl. If, therefore, there is considerable black 
residue after adding the HGl, it shows the presence of nickel or cobalt; a very 
small black residue may, however, be due to FeS endoeed within sulfur. The 
fact that there is no such daric-colored residue does not, however, prove that 
nickel and cobalt are entirely absent; for a considerable quantity of them 
(even 5 mg.) may dissolve completely in the HGl when large quantities of other 
elements, espedaUy iron, are also present. 

2. The (NH4)3iS precipitate is first treated with HGl, partly in order to 
furnish the indication just referred to of the presence of nickel or cobalt, but 
also because much more free sulfur and sulfate would be formed by oxidation 
if HNQi or aqua reffia were used at the start. (The presence of much sulfate 
in the solution interferes with the subsequent test for chromate.) If NiS or 
GoS is present in the residue, HNQi must, however, be subsequently added, 
to ensure the solution of these sulfides. 

3. By NaOH, iron, manganese, nickel, and cobalt are completely preoqil- 
tated and do not dissolve in moderate excess; while aluminum, chromium, 
and line remain in solution or dissolve when a sufficient excess is added. The 
solubility of the last three elements is due to the fact that their hydroxides 
are amphoteric substances which form with the NaOH soluble aluminate 
(NaAlQz), chitxnite (NaGrGji), and sincate (NasZnQz), respectivly. When 
sine and chromium are simultaneously present they are precipitated in the 
form of a double compound (ZnGi^^)* Ghromium would also be oomplete^y 
precipitated, owing to hydrolysis of the chromite and the formation of a less 
soluble solid hydroxide, tf the NaOH solution were boiled before adding NadQi. 
Mn(OH)t is white, but rapidly turns brown, owing to oxidation to Mn(OH)t; 
Ni(OH)s is light green; Go(OH)s is pink, but from cold cobaltous salt sdutions a 
blue basic salt is first precipitated. If a large excess of NaOH be added, a 
little Go(OH)t dissolves, jdelding a blue solution, doubtless forming a salt 
such as NsfGoQi. This is to be avoided, since then the cobalt will not be 
completely oxidised and precipitated upon the subsequent addition of NadQi. 

4. By the addition of Na^, Fe(OH)s k changed to dark red Fe(OH)i, 
Mn(OH);i to brown hydrated MnO^, and Go(OH)s to black Go(OH)i, all of 
which are insoluble in excess of NaOH. Ghromium, which after the additian 
of cold NaOH is present as soluble sodium chromite (NaGrOi) , is converted by 
Na^ into chromate (NasCrOi). This remains in solution together with the 
sine, which is still present as sincate. 

5. Even a cold solution of NadQi decomposes slowly with evdutioo of 
oxygen, and this decomposition takes place with exploeiv violence when the 
solution is hot. The peroxide is therefore added in small portions to the cold 
solution. It is best to transfer a little of it from the can in which it comes in 
trade directly (without using paper) to a diy lO-oc graduate, and then to sprinkle 
it into the solution with constant stirring. A steady evolution of gas after 
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the mixture haa been well stirred is an indication that miflBcient p****nil^ htm 
been added. When much chromium is present, it should be added tUl the g P MM 
precipitate disappears and the liquid assumes a dark yeDow color. The solu- 
tion is diluted before filtering in order to avoid the disintegration of the filter^ 
paper. It is also often advantageous to support the filter by folding it together 
with a small hardened filter. 

6. This separation with NaOH, Na^, and NsolOQi is a very satirfaetorj 
one, except in the case of zinc. As much as 5 mg. of this element is almost 
completely carried down in the precipitate when much iron, nickd, or eobaH is 
present; and as much as 20 mg. of it may be completely precipitated when 
much manganese is present. Provision i« therefore made for the detectiop of 
sine in the precipitate. 

7. The Na^OOi is added to ensure the complete precipitation (tf magne- 
sium, calcium, strontium, and barium, whose hydroxides, especially that of 
barium, are somewhat soluble even in the presoioe of XaOH. ZnCX)i, tho 
insoluble in a dilute solution of NacOQi alone, dissolves when much NaOH 
is present, owing to neariy complete conversion of the xinc-ion into zincate-ioo 
(ZnOi"). The NatOQialBO serves todeoompose the chromates of the alkaline-earth 
elements; if it is not added, chromium may remain in the precipitate and 
escape detection. It is unnecessary to add the NacCX)i when the alkaline- 
earth elements are known to be absent. 

8. Phosphate, if present, divides itself in this procedure between the pre- 
cipitate and solution in a proportion which depends on the nature and quantities 
of the basic elements present. (See P. 51, Note 6.) Its presence does not 
cause any of the elements to precipitate which would not otherwise do so, in 
spite of the slight solubility d aluminum and xinc phosphates. This is due 
to the fact that the cations of these elements (Al'^'^, 2^*^) are p r esen t in 
the NaOH solution only at an extremely smaO concentration, owing to their 
conversion by the 0H~ into anions (AlQt', ZnQi~). 

9. In actual analyses (except kq those made for practis) it is advanta^eooa 
to omit the addition of the NaOH and to use in place of it a somewhat 
larger quantity (0.5 cc. more) of the Na^ powder; for even the beat oom- 
mercial NaOH is apt to contain impurities, such as silicate or sulfate^ which 
interfere with the subsequent detection of aluminum or chromium. 
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Tablb Vni. — ^Analtbib of the Aluminuic-Gboup. 



riLTRATB FROM THB SODIUM HTDBOXIDB AND PEROXIDE TRBAIVENT: 

NasZnQ2, NaAlQz, NasCiOi. Acidiiy wUh HN(h, add NH^H (P. 55). 



Precipitate: Al(OH)s. 
Di88olve in HNOt, add 
Co(NOi)tt eoaporaU, 
ignUe (P. S4). 


Filtrate. A dd HAc and BaCH (P. 66). 


Precipitate: BaCi04. 

DUaotoe in HCl and 

H^Oi, eoajtoraU (P. 66), 


Fatrate: Zinc salt. 
Pass in H^/S (P. 67). 






Blue residue: 


White precipitate: Zn8. 

Dissolve in HN(h, add 

Co{NOzh and Na^(h, 

igniU (P. 67). 


CofJdOth- 


Green color: 
CrCli. 




Green residue: 
CoZnOs. 



Procedure 53. — Separation of Aluminum from Chromium and 
Zinc. — Acidify the alkaline solution (P. 52) with l&-normal HNO», 
avoiding a large excess; add NH4OH until the mixture after shaking 
smells of it, and then add 2-3 cc. more. (White flocculent precipitate, 
presence of alttminxtm.) Heat almost to boiling in order to coagulate 
the precipitate, filter, and wash thoroly with hot water. (Precipitate, 
P. 54; filtrate, P. 55.) 

Notes. — 1. The alkaline solution is acidified with HNOs, instead of with 
HQ, because the latter acid might reduce chromic acid, especially if a large 
quantity were added, or if the acid solution were heated. A moderate excess 
of N&.OH must be added in oider to keep the zinc in solution, which it does 
because of the production of the complex cation Zn(NHt)4'*^; but a large 
excess is to be avoided, since it dissolves Al(OH)s, owing to formation of 
NH4^A10|~. The sine dissolves even when carbonate or phosphate is present 

2. Since aluminum and silica are very likdy to be present in the NaOH 
and NagjQi used as reagents, a blank test for these impurities should be made 
whenever new reagents are employed for the first time, by treating 20 cc. of 
the NaOH reagent, or 2 g. of NagjQi added to 20 cc. water, by P. 53 and com- 
paring the NH4OH precipitate with that obtained in the actual analysis. It 
is also well at the same time to test for sine by acidifying the NH^H solution 
with acetic acid and following P. 57. The NaOH reagent should also be tested 
for sulfate by acidifying it with HCl and adding BaOt, since the presence of 
much sulfate obscures Uie test for chromium in P. 55. 

6 
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Procedure 54. — Confirmatory Test for Aluminum. — Dissolve the pre- 
cipitate (P. 53), or a small portion of it if it is large, in 5 cc. HNO». 
To the solution add from a dropper half as many drops of a Co(NOs)s 
solution containing 1% Co as the number of milligrams of aluminum 
estimated to be present in the solution. Evaporate the solution 
almost to dr3mess in a casserole, add a drop or two of water, and 
soak up the solution in a small piece of filter paper. Make a small 
roll of the paper, wind a platinum wire around it in the form of a 
spiral, and heat the paper in a flame till the carbon is burnt off. (Blue 
residue, presence of aluminum.) 

Noiea, — 1. A confirmatoiy test for aluminum should always be tried when 
the NH^H precipitate is small; for the precipitation by NH4OH d an element 
whose hydroxide is soluble in NaOH is not very characteristic (lead, antimony^ 
tin, and silicon showing a similar behavior). It is especially necessary to guard 
against mistaking SiQiHs for Al(OH)a; for the former substance, if not entirely 
removed in the process of preparing the solution, may i4>pear at this point. 

2. The confirmatoiy test with Co(NQi)f depends upon the foimation of 
a blue substance, whose formula is not definitely known; but it is doubtless 
a compound of the two oxides CoO and AlfOs, and is probably cobalt alumi- 
nate, Ck>(A10|)]. It enables 0.5 mg. Al to be detected, or even 0.2 mg. after 
a little practis. No other element givs a blue color to the ash. It is essential 
to have the aluminum present in excess; for otherwise the blue color is ob» 
■cored by the black oxide of cobalt. Moreover, when sodium or potaorittm 
salts are present, the ash fuses together and the test is unsatiifaetoiy. For 
this reason the sodium salts present should be ccmipletdy washed oat d the 
NH4OH predfHtate before dissolving it in HNQ|. 



Procedure 55. — Detection of Chromium. — ^To the NH4OH Bolation (P. 
63) add HAc, 1 cc. at a time, till the solution reddens blue litmus paper. 

If the solution is colorless, treat it by P. 57. 

If it is at all yellow, add about 10 cc. BaClt solution, and heat the 
mixture to boiling. (Yellow precipitate, presence of chromium.) 
Fnter, and wash the precipitate. (Precipitate, P. 56; filtrate, P. 57.) 

NoU$. — 1. The presence of less than 0^ mg. chrominm as duomate in a 
▼ohmie of 50 cc. makes the solution distinctly yellow; and the f4iiHiftn of 
BaCb is therefore unnecessary when the solution is perfectly color l c M . It is 
to be avoided, sinco BaSOi may be precipitated and has then to be lemoved 
by filtration. In doubtful cases the colw of the solution should be eompand 
with that of water. The color-test is, of course, not delicate by artificial fight. 

2. Since some sulfate may be present, the formation of a idiite pt ee ipiU la 
with BaCb does not prove the presence of chromium. Whether the p w cipit ats 
is pore white or ydlow should therefore be carefully noted. The ysDofW oolov 
of a small BaCrOi precipitate is most i4>paient when the precipitate bss settled 
or when it has been collected on the filter. If a large quantity of snlfttle is 
present, not only may the yellow color of a little BaCiOi be obscured, but the 
confirmatory test described in P. 56 may fail owing to the imperfeet ezlnMrtkiii 
of the BaCiOt from the BaSO* by the acid. For this rfsoB care moat be 
tnkon not to use in P. 52 reagents containing much sulfate. 
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Procedure 56. — Confirmatory Test for Chromium. — Pour repeatedly 
through the filter (P. 55) a warm mixture of 3 cc. HCl and 10 cc. sat- 
urated SO2 solution. Evaporate the filtrate in a casserole just to 
dryness, taking care not to over-heat the residue; and add a few drops 
of water. (Green coloration of the solution, presence of chbomixjm.) 

Note, — The green color of GrCb is intense enough to enable less than 0.5 
mg. of chromium in 1 cc. of solution to be detected. A yellow color may result 
from the action of the acids on the filter paper; but this color usually disappean 
on evaporating and dissolving the residue in water. 

Procedure 57. — Detection of Zinc. — Warm the HAc solution (P. 65) 
to 50^ or 60^, saturate it in a small flask with HsS, cork the flask, 
and allow it to stand for 5 or 10 minutes if no precipitate separates 
at once. (White flocculent precipitate, presence of zmc.) 

Confirmatory Test for Zinc. — Filter the HsS precipitate through a 
double filter (made by folding two filters together), wash it with a 
little water, and pour a 5-10 cc. portion of HNOs repeatedly through 
the filter. To the filtrate add from a dropper one drop of a Co(NOs)t 
solution containing 1% Co and as many more drops of the same 
solution as there were estimated to be centigrams of sine in the HtS 
precipitate. Evaporate the mixture in a casserole just to dryness to 
expel the acid, add 1 cc. NafCOs solution and 0.6 cc. moro for each 
centigram of zinc estimated to be present. Evaporate to dryness, 
ignite gently by keeping the dish moving to and fro in a small flame 
until the purple color due to the cobalt disappears, and allow the 
easserole to cool. (Green color, presence of zmc.) [If the ignited 
mass becomes black (owing to too strong heating), add a few drops 
HNOs, evaporate just to dryness, add the same quantity of NatCOg 
solution as was added before, evaporate and ignite gently as before.] 

Noie$. — 1. ZnS predpitateB more rafiidly, and in a aoinewbat mora flooeuknl 
form, from a wann solution. Very small quantities of sine (kss than 1 mg.) 
may be missed unless a short time be allowed for the precipitate to coagulate; 
but since sulfur may then separate, the appearance of a white tuifoidil^ is not 
sufSdent proof of the presence of linc. The precipitate may be allowed to 
settle in ordBr that the amount of line present may be better estimaled. A 
double filter is used, since the ZnS is apt to pass through the filter. 

2. The immediate foimatiim of a white flocculent precipitate with BbS in 
aeeiio acid solutioo is so characteristic as to be a sufficient test for sine. Maa- 
gsnese is the only other element of this group that forms a light-odored sulfide ; 
and this, owing to its greater solubility in water, does not precipitate from an 
acetic acid solution. The confirmatory test described in the last paragn^h of 
the* procedure is, however, useful when only a small nonooagulating precipitate 
wfaidi may be sulfuriesultSy oridien, owing to the presence of a small quaotHy 
of other elements, the precipitate is dark-colored. In this test the use of an 
excess of Ck>(NQi)t is avoided, since otherwise the black cofer of the Ck>0 ob- 
scures the green ookv of the cobalt sincate (CoZnOi). 
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P. Si 



ANALYSIS OF TEIS IBON-GBOITP. 



Table IX. — ^Analtbib op the Ibon-Gboup. 



PEECIPrrATB PRODUCED BT SODIUM HTDBOXIDB AND PEROXIDB: 

A. Phosphate absent: MdO(OH)2, Fe(OH)s, a>(OH)s, Ni(OH)s, ZnOA*. 

B. Phosphate present: Also BaODs, SrCOt, CaODs, MgOO^, FePOi, Ga<(PQ()i, etc. 

Dissolve in HNOi and H^, evaporaU, heat wUh HNOz and KCKh (P. 61). 



Precipitate: 
MnOt. 

Add HNOi 

and bismuth 

dioxide 

{p. 62). 



Purple color: 
UMnOi. 



Solution: Test a poHionfor phosphaU with (NHM^oOi (P. 63). 

A. Phosphate absent: add NH/)H (P. 64). 

B. Phosphate present: add NH^Ac and FeCk, dUvU, hoU (P. 6S)4 



Precipitate: 

A, Fe(0H)8. 

B. Basic ferric 
acetate and 
FePOi. 



Filtrate: add NHfiH, pass in H^ (P. 66). 



Precipitate: ZnS, CoS, NiS. 
See Table X. 



Filtrate: 

A. NH| salts. Bt^fed. 

B. Ba, Ca, Sr, Mg. 
Treat by P. 81. 



* Thu preeipitite may eooUun all the nne iHien demeots of tlie iroo-froup ars pretent in larft qoaatity. 
t Rnt tcftrng ft nuD portion of the tobtion for iron with K3CN. 

Procedure 6i. — Precipitation of Manganese. — Transfer the NatQi 
precipitate (P. 52) to a casserole, together with the filter if neces- 
sary, and add 5-15 cc. HNOa. If there is still a residue, heat the mix- 
ture nearly to boiling and add 3% HsOa solution, a few drops at a time, 
stirring after each addition, till the residue is dissolved. Filter to 
remove the paper, and evaporate the filtrate almost to dryness. Add 
10 cc. 16-normal HNOs and about 1 g. of powdered KClOt, and heat 
to boiling. (Black precipitate, presence of fiiANGANESS.) 

If there is no precipitate, evaporate the solution almost to diyness, 
add 25 cc. water, and treat a part of the solution by P. 63 and the 
remainder by P. 64 or P. 65. 

If there is a precipitate, add to the mixture 10 cc. l&-normal HNO^ 
pour it into a 200 cc. conical flask, heat it to boiling, and add grad- 
ually (0.5 g. at a time) 3 g. powdered KClOs. Grasp the neck of the 
flask with a strip of stiff paper, and keep the flask in motion over a 
small flame so that the mixture boils gently for one or two minuteB. 
Make an asbestos filter by placing in a funnel enough glass-wool to 
form a wad 1 cm. high, tamping it down gently with the finger, <^T»d 
pouring through it a suspension of fine asbestos fibers in water, anmig h 
to form an asbestos layer about } cm. thick, applying suction at the 
same time. Filter the mixture with the aid of suction tbroi^ *!■% 
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asbestos filter. Add to the filtrate 1 g. KClOs. If more precipitate 

separates, boil the mixture gently for a minute or two, and then filter 

it through the same asbestos filter. Wash the precipitate two or three 

times with 16-normal HNOs which has previously been freed from 

oxides of nitrogen by warming it with a little EClOa, and treat the 

precipitate by P. 62. Evaporate the filtrate to about 5 cc, but not 

further, dilute it with 25 cc. water, and treat a part of it by P. 63 

and the remainder by P. 64 or P. 65. 

Notes, — 1. Pure concentrated HNOi does not diasolve hydrsted MnQg; 
but it mny do bo in the presence of filter-paper, whereby the HNQi ia reduced 
to lower oxides. The action is rapid in the presence of HsQi; for the MnO^ 
is thereby quickly reduced to Mn(NQ3)s with evolution of Q|. 

2. By HClOs in HNQi solution (but not by HNQi alone) manganous salts 
are rapidly oxidized to hydratcd MnQt with formation of chlorin dioxide (GlQi), 
which escapes as a yeUow gas. 

3. The separation of manganese in this way from the other metals of this 
group is entirely satisfactory with the exception that a small quantity of iron 
(up to 1 mg.) may be completely carried down with a large quantity (500 mg.) 
of manganese. 

Procedure 62. — Confirmatory Test for Manganese. — Pour through 

the filter containing the KClOa precipitate (P. 61) 5 cc. hot HNOs to 

which 4 or 5 drops of 3% HaOs solution have been added. Collect 

the filtrate in a test-tube; cool it; add to it solid bismuth dioxide, 

0.1 g. at a time, till some of the brown solid remains undissolved; and 

let the solid settle. (Purple solution, presence of bianganese.) 

Noiea, — 1. This confirmatory test for manganese is usually superfluous, 
since the precipitation of MnQi by HClOs is highly characteristic. 

2. An excess of bismuth dioxide must be added, since otherwise the man- 
ganese may be oxidized only to MnO|. 

3. Commercial bismuth dioxide, also often caUed sodium bismuthate, is 
a mixture of bismuth compounds which probably owes its oxidizing power to 
the presence of the dioxide BiQt. When it is not available, FbOi may be 

substituted for it; but in that case the mixture must be boiled for 2 or 3 minutes 

• 

Procedure 63. — Test for Phosphate. — Heat about one-tenth of the 
HNOs solution (P. 61) to boiling, and pour it into two or three times 
its volume of cold ammonium molybdate reagent. (Fine yellow 
precipitate, presence of phosphate.) If there is no precipitate, or 
only a very small one, treat the remainder of the HNOs solution by 
P. 64; otherwise by P. 65 

NoUi. — 1. Phosphate is tested for at this point because a difiFerent treatment 
is necessary when it is present in significant amount, in order to separate from 
it alkaline-earth elements and to provide for their detection. When phosphate 
is not pnBQQt, iron can be separated from nickel and cobalt by NH4OH (as In 
P. <H); but when eonsiderable phosphate is present, alkaline-earth dementi 




\i. 
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tOAy aiao be prawnt, and theM would b« partly or iriioflr pcMJpitatad br 
N^H u phoaphBtM. (Bm P. 61, Note 6.) 

3. In order that the phoaph&te teet may be delio&te and that the rrnfiipitatw 
may appoai immediately, a large proportion of the molybdate taasent mnit 
be used and the aolution must be wann. It is best, however, to heat only the 
sdution to be teated, not the mixture of it with the reagent; for too mtuh 
heating may cause solid MoO* to separate from the reagent Hie iKooipitata 
produced by ammonium molybdate, (NH4)tMo04, is amnHMiium 
molybdate, a complex salt of the composition (NH()iPQt(HoO|)ii. 

Procedure 64.— Precipitation of Iron in Absence of Photphate. — 
If phosphate is absent, make the HNOj solution (F. 61) stronglj 
alkaline with NH«OH, using an excess of 3-5 cc. (Dark red preoi[n- 
tate, presence of ibon.) Filter, and wash the precipitate thoroly. 
Treat the filtrate by P. 66. Dissolve the precipitate in HCl, warmmg 
if necessary; and to the solution add 3-5 cc. KCNS solution. (Red 
coloration, presence of ntON.) 

Note.— Tbia teet may be made in the preeence of much HCl, but not in the 
presenct? of much HNCh; for HNOiactson KCNS forming ared-oolored com- 
pound. This test for iron is on extremaly delicate one; and if only ■ fiwbrt 
color is obtained, the acids used in the process must be tested for iron, "na 
red color is due to the formation by met athcsisof ferric thiocyanate,Fo(CNS)a, 
B slightly ionized oubstance. 

Procedure 65. — Detection of Iron and Removal of Phosphate toA«n 
Present. — If phosphate is present, test one-tenth of the HNOi sola- 
tion (P. 61) for iron, by evaporating it just to dryness, adding 1-2 cc. 
12-iiormal HCl, evaporating again just to dryness, dissolving the resi- 
due in 2 cc. HCl and 5 cc. water, and adding 5 cc. KCNS solution. 
(Red coloration, presence of iron.) To the remainder of the solution 
add NH4OH until the precipitate formed by the last drop does not re- 
dissolve on shaking. If, owing to the addition of too much NH4OH, 
the solution becomes alkaline or a large precipitate separates, make 
it distinctly acid with acetic acid. Add 15 cc. of a 3-normaI solution 
of NH«Ac, and, unless the mixture is already of a brownish-red color, 
add FeCli solution, drop by drop, until such a color is produced. 
Add enough water to make the volume about 100 cc, boil in a 250 cc. 
flask for 5 minutes, adding more water if a very large precipitate 
separates, and let the mixture stand for a minute or two. Filter 
while still hot, and wash with hot water. Add 10 cc. more NHtAe 
solution to the filtrate, boil it again, and collect on a separate filter 
any further precipitate. Reject the precipitate. Make the filtnta 
alkaline with NH4OH, and treat it by P. 66. 

NoUt.—l. With regard to the test for iron with EONS and the neo 
of removing the HNOj by the evaporation with HCl, see P. 64, Nol^h . 
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2. This method of a^annfaion depends on the facts that, upon boiliDg ao 
aoetio add sdhitkm oontaiiiing mudh acetate, feme iron Is completely inecipi- 
tated in the fonn of a basic acetate; and that all the phosphate present oom- 
bines with the iron when it is present in excess, and therefore then passes* 
completely into the precipitate, leaving the bivalent elements in sohition. 
This behavior of the phosphate is due to the fact that the solubility in acids 
of the phosphates of the trivalent elements is much smaller than that of the 
phosphates of the bivalent elementa 

3. If upon adding the ammonium acetate the solution becomes of a reddish 
color, it shows that iron is present in quantity more than sufficient to combine 
with the phosphate; for a cold solution containing fenic acetate is of a deep red 
ookv. If, on the other hand, a colorless solution results (either with or without 
a precipitate), it shows that there is no excess of iron, and FeCli is therefwe 
added. This causes the precipitation of FeP04 as a yellowish white precipitate. 
Upon boiling, the excess of iron separates completely as a dark red gelatinous 
precipitate of basic ferric acetate, leaving the supernatant liquid colorless, 
except when nickel or cobalt is present. 

4. The solution is diluted to at least 100 cc., owing to the large volume of 
the precipitate; and it is heated in a capacious flask, owing to its tendency 
to boil over. 

Procedure 66. — PrecipUaiian of Zinc, Nickd, and CobaU. — Into the 
ammoniacal solution (P. 64 or P. 65) pass HtS gas until the mixture 
after shaking blackens PbAcs paper held above it. (Black precipi- 
tate, presence of nickel or cobalt.) Filter, wash the precipitate with 
water containing a very little (NH4)aS, and treat it by P. 67. Treat 
the filtrate by P. 81-89 if phosphate or much chromium was found 
present (in P. 63 or P. 55); otherwise, reject it. 

Notes, — 1. Jn precipitating NiS, the use of H2S has the advantage that the 
nickel is all thrown down at once, while with (NH4)2S some of it usually remains 
in the solution, giving it a dark brown color. If (NH4)2S be used, the filtrate 
must be boiled to throw down the unprecipitated nickel, as described in P. 51. 

2. The filtrate must be treated by the procedures for detecting alkaline- 
earth elements when phosphate has been found to be present, since the whole 
quantity of these elements present in the substance may then be contained in 
this filtrate, for the reasons stated in Note 6, P. 51, and Note 2, P. 65. The 
filtrate should also be so treated when much chromium is present, since all 
the magnesium present may have been carried down with it in the original 
(NH4)]3 precipitate. 
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Table X. — Separatiox or Zikc, Nickki, axd OoBAur. 



■YDBOGEK 8UI.PHIDE rEECOTTATE: ZnS, XiS, CoS. 

Trtal vith cM dOuU HCl (P. 67). 



Sc^Dtaon: ZnCb, NiCls^ CoOs* Residiie: NS, GoS. 

Add XaOH amd Xa^ (P. 57). Duaobr tn ITCI 
H.VO,. 

ratnxe: NaaZoOj. Precipitate: M(OE0i. Co(OH)i. C^- ^)- 
.4i(f H.4c onci H^. Add HCl, enpomU (P. 68). 



White pRdpitaxe: ZnS. Residue: SJClt, CoO*. il^ ffCI ami ether (P. 69). 



Ydlow residue: NiCl*. Bhie Mention: CoClt. 

Dissolve in wOer. odd tartarie EwcpanU^addHAeamd 
acid. \aOH. and H^ (P. 69). K.VO, (P. 70). 



Brown coloratioo: pr cam ce Yellow pncipitttle: 
of nickel Kfio(S(hk- 



•A aBsD proparliaD of Um Bkkd and eot»h preaest a!v«js ir—Jiia in tbe dilate HCL 

Procedure 67. — Separation of Zinc from the Xickel and Cobalt. — 
Transfer the HsS precipitate (P. 66) with the filter to a caseerole, 
and add 10-30 cc. l-normal HCI. Stir the cold mixture frequently 
for 3 minutes, and filter. Wash the residue and treat it by P. 68. 

Boil the HCl solution until the HsS is completely e]q>dled, add 
NaOH solution until the mixture is slightly alkaline, transfer it to a 
casserole, cool, and add 0.5-1 cc. NaiOs powder, a small portion at 
a time. Boil for several minutes to decompose the excess of NasQt, 
eool the mixture, and filter. Wash the precipitate thoroly, and treat 
it by P. 68, uniting it with the sulfide residue undisBohred by the 
dflute HCl. Acidify the filtrate i^ith HAc, and test it for mkc by P. 57. 

.VoCet. — 1. This treatment with dilute HCl senres to eztrui **"*««i% ooa^ 
pkcdv the xinc which may be present in this precipitate owing to its having 
been carried down in the Xs^C^ precipitate, as descxibed in P. 52, Note 6. 
A flmaD prv^xMrtion of the nickel and cobalt present ^5-30rc) ahrays diaBolvep 
in the dilute HCL and the subsequent treatment with X^O^ g e i^es to separate 
these elements from the xinc. This Xh«0: separation is satisfacloKy when, as 
in this HCI sohition. the nickel and cobalt are present in soaaD quantity; 
for then only an insignificant amount 01 zinc is earned down with them. 

2. This Procedure must always be followed in order to detennin wbether 
or not xinc is present in the substance, unless a satisfactory test for it i*<« 
aheady been obtained in P. 57. or unless the original N^O^ pT*"i|matr (P. 52) 
was small. In either ci these iwo cases t';is Prace<xure may be omitted and 
•Jxe HjS prwipiiate (P. 66^ treated directly by P. 6S. 
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3. The fact that NiS and CoS do not diasolve readily in 1-nonnal HCl seema 
inoonaistent with the non-precipitation of nickel and cobalt by H^S with the 
copper and tin groups from a solution which is only 0.3 normal in acid. This 
behavior probably arises from the fact that these sulfides exist in at least two 
allotropic forms of different solubilities. The form that tends to be produced 
by direct union of sulfide-ion with nickel-ion or cobalt-ion is soluble in dilute 
acid. The precipitate produced by (NH4)8S consists, however, only in part of 
this soluble form: it contain also a large proportion (increasing with the time 
that the precipitate has stood) of a form that is nearly insoluble in dilute adds. 

Procedure 68. — Separation of Nickel and Cobalt, — Transfer the 

sulfide residue undissolved by dilute HCl and the thoroly washed Na^Os 

precipitate (P. 67) with the filters to a casserole, add 5-15 cc. HCl 

and a few drops HNOs, warm until the black precipitates are dissolved, 

and filter off the paper. Evaporate the solution just to dr3mess, 

moisten the residue with 12-normal HCl, and evaporate again just 

to dryness (see Note 2, P. 12.) To the dry residue add just 2.0 cc, 

12-normal HCl; and, if it does not all dissolve, warm it gently with 

constant stirring. Cool, add 10 cc. ether previously saturated with 

HCl gas, and stir for 1-3 minutes. Filter the mixture through a dry 

filter, and wash out the filter with 5-10 cc. of the HCl-ether reagent. 

(Yellow residue, presence of nickel; blue or green solution, presence 

of COBALT.) (Residue P. 69; solution, P. 70.) 

Notes. — 1. The nickel and cobalt must be present as chlorides in order to be 
separated by this process. The two evaporations with HCl destroy the nitrate. 

2. Even 500 mg. of cobalt or 250 mg. of nickel dissolve in 2 cc. 12-nornial 
HCl on gentle warming. 500 mg. of cobalt then remain in solution on the 
addition of 10 cc. of the HCl-ether reagent. 

3. Even 0.5 mg. of nickel yields a distinct yellow residue; and less than 0.5 
mg. of cobalt imparts to the ethereal solution a pronounced blue color or green 
color (the latter resulting from a combination of the blue color of the cobalt 
with a yellow color coming from organic impurities). It is therefore unnecessary 
to try the confirmatory test for cobalt when the ethereal solution is colorless. 
To secure these results, the HCl-ether reagent must, however, be completely 
saturated with HCl gas. 

4. C0CI3 in aqueous solution is pink, like Co(NOg)2 or C0SO4, when its 
concentration is smaU: but it is blue, even in the cold, when its concentration 
is very large. It is blue, even when its concentration is only moderately 
large, in hot solutions, or in cold solutions which contain HCl or other chlorides 
at a high concentration. It is also blue in organic solventa The pink color 
is probably due to the cobalt-ion, which is doubtless hsrdrated (existing per- 
haps as (Ik>(H20)4'*^'*' in analogy with Co(NH8)4''~''), and to tl^e hydrated un- 
ionized cobalt chloride which results directly from the union of this ion with 
chloride-ion. The blue color is probably due to anhydrous (DoChi or to com- 
plex anions, like CoCls'i which result from the union of it with chloride-ion. 
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Ptocedure 69. — Cimfirmaiary Test Jor Nickel. — ^Pour through the 
filter containing the residue undissolved by ether (P. 68) 10 cc. water, 
add 3-5 cc. 10% tartaric acid solution, neutralise with NaOH solu- 
tion, and add 2 cc. in excess. Pass in HsS gas for about 1 minute, 
filter out any precipitate that may form, and saturate the filtrate 
with HsS. Filter again if there is a precipitate. (Brown coloratkm, 
presence of nickel.) 

Notes. — 1. When an alkaline tartrate solution containing a very little nickel 
(even 0.1-0.2 mg. in 20 cc.) is saturated with ^|S, a dear brown scdutioa m 
obtained. With somewhat larger amounts of nickel (10-20 mg.) the liquid is 
<^>aque, but runs through a filter very readily. The condition of the niekel 
in this solution is not known. The presence of the tartrate serves meniy to 
prevent the precipitation of Ni(0H)2 by the NaOH solution, owing to the 
formation of a complex salt containing the nickel in the anion. The brown 
oolot does not appear until the alkaline fiolution is neariy saturated with Elii3t 
so that care must be taken to use an excess of H2S. 

2. This confirmatory test for nickel is not interfered with by moderate 
amounts of other elements of this group, such as cobalt and iron; for on leading 
HsS into an alkaline tartrate solution containing these elements, thej are 
completely precipitated as sulfides and may be filtered off, jrielding a filtrate 
which, when saturated with HsS, remains colorless if nickel is absent, but be- 
comes dark brown if it is present in even small amount. 

Procedure 70. — Confirmatory Test for Cobalt, — Heat the ethereal 

solution (P. 68) in a casserole till the ether is expelled, either by 

placing it on a steam-bath, or by floating it in a vessel of nearly 

boiling water from which the flame has been removed. Then evap> 

orate it just to dryness over a small flame. To the residue add 5 oc. 

water, a few drops of NaOH solution, 5 cc. HAc, and 30 cc. 3-nomial 

KNO2 solution; and let the mixture stand ten minutes if no precipitate 

forms sooner. (Fine yellow precipitate, presence of cobalt.) 

Notes. — 1. The precipitate is potassiimi cobaltic nitrite, dKN(^.Go(NOk)ip 
or more properly, potassiimi cobaltinitrite, KsCo(NQi)6, since in sohitkm it 
dissociates into K^ and the com))lex anion Co(NQi)6". In the fomiatioa 
of this substance the cobaltous salt is oxidized to the cobaltic state by the 
nitrous acid displaced from its salt by the acetic acid, the cobaltic salt oombiiiiDg 
as fast as formed with the potassiimi nitrite. 

2. The precipitate is somewhat soluble in water, but very difficultly soluble 
in a concentrated KNQi solution, owing to the common-ion effect of the potas- 
sium-ion. The formation of the KsCo(N02)6 precipitate takes place slowly; but^ 
even when only 0.1-0.2 mg. of cobalt is present, a distinct predpitate reaulto 
within 10 minutes. 

3. Nickelous salts are not oxidized by nitrous acid, and they are not piwq^- 
itated by KNO2, unless a very large quantity of nickel is preaent» in iriuoh 
case a dark-yellow or dark-red precipitate of potassium 
K4Ni(N02)e, may separate. 
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PRECIPITATION AND ANALYSIS OF THE ALKALINB-EABTH GROUP. 



Tablb XI. — ^Analtbib or thb Alkalins-Eabth Group. 



▲lOfONiuM carbonatb PBBCiprrATX : BaOOsi, SrCOi, CtXXh, MgOQi.(NH4)sOO|. 
Dissolve in HAe, add NHiAc and K^rOi (P. 8S). 



Precipitate: 

BaCK>4. 

DiBSobeinUa, 

€9apcraU (P. 8S). 


Filtrate. Add NH^H and akoM (P. 84). 


PhMapitate: 

SrCiOi. 

Treat with 

(NHAhCOs (P. 86). 


FUtrate: Ca and Mg salts. 
Add (NHMWi (P. 86). 




Add H Ac, 
NHaAc, 

and 
KiCrOA- 




Test in 


Precipitate: 

CaC^4. 
Dissolve in dilute 

Hh/SOa, add alcohol 
(P. 87). 


Filtrate. 


flame 


Residue: SrOO«. 

Dissolve in HAc, 

add CaSOA- 


Add NHfiH 


Green 


and NatHPOA 
(P. 88). 


^^JM,\fi . 


Precipi- 
tate: 
BaCr04. 




Ba. 


Precipitate: 
S13O4. 


Fl:ecipitate: 
MgNU4F04. 




Precipitate: 
CaS04. 



Procedure 81.— Predpitcttion of the AUcaline^Earih Group. — 
Evaporate the filtrate from the (NH4)2S precipitate (P. 51) till salts 
crystallize out, dilute to a volume of 10 cc, cool, and filter. 

To the cold solution add 15 cc. (NH4)tC0« reagent and 15 cc. 
95% alcohol; and, if a large precipitate results, add 15 cc. more of 
each of these liquids. Shake the mixture continuously for 10 minutes; 
or better, let it stand, with frequent shaking, for at least half an hour. 
(Precipitate, presence of alkalinb-eabth elements.) Filter, and 
wash the precipitate with a little (NH4)sC08 reagent, using suction 
if the precipitate is large. (Precipitate, P. 82; filtrate, P. 91.) 

Notes. — 1. The filtrate from the (NH4)]3 precipitate is evaporated in order 
that the elements of the alkaline-earth group may be precipitated more quickly 
and more completely. The evaporation also serves to destroy (NH4)^ and to 
coagulate any sulfur that may separate. The volume to which the (NH4)tO0b 
reagent is added should be 10 cc. If ammonium salts have separated th^ 
should be filtered ofiF. 

2. The (NEUsCQs reagent is prepared by dissolving 250 g. freshly powdered 
i^mmnniiim carbonate in 1 liter 6-normal NH4OH. 

3. If the ammonium carbonate and hydroxide were added in only small 
excess, the precipitation of CaCQs, SrCOs, and BaCX>i would not be complete, 
and additional tests for small quantities of these elements would have to 
be made in the filtrate. But, by the use of a concentrated solution of 
(NH4)t00k containing a large excess of NH4OH (so as to diminish the 
hydro^m of the carbonate into (NH4)^HO0»- and NH4OH), the pre- 
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dpitation may be made practically complete, owiii( to tlw g^tmlif iMraHad 
concentration of carbonate-ion (COt~). 

4. When tbe concait rations of (NH|)iCOi and NH4OH ua aaffiaent^ 
great, magnesium is in the cold also completely precipitated. Tbe pivopitst^ 
which is in this case a double carbonate, MgCOi.(NH4}iCOi.4H)0, ie, however, 
fairly soluble in cold water and readily soluble in hot water. 

5. f^m a cold aqueous Bolution the precipitation of these demetita tdces 
place slowly, especia^lly in tbe ca»; of mai^Geium and calcium; but it ia gteatty 
accelerated by the addition of alcohol and by shaking. Ui 
recommended in the procedure 0,5 mg. of any of the four el 

Procedure 82.— PreripifeKton of Barium.. — Dissolve the (NH4)aC0i 
precipitate (P. 81) by pouring repeatedly through the filter s 5-15 
CO. portion of hot HAc, and evaporate the solution just to drynen, 
taking care not to ignite the residue. 

Add to the residue 3 cc. HAc, 20 cc. 3-nonnal NHiAc, aod 15 cc. 
water; and beat the solution to boiling in a flask. Measure out 8 
cc. 3-normal KiCr04 solution, and add it a few drops at a time, heat- 
ing and shaking after each addition. Finally, heat the mixture at 
90-100° for 1 or 2 minutes, shaking at the same time. If a large pre- 
cipitate forms, add 3 cc. more of the KtCrO« solution. Filter, even 
tho the solution appear clear; remove the filtrate, and wash the 
precipitate thoroly with cold water. (Pale yellow precipitate, 
iwesence of bariuu.) (Precipitate, P. 83; filtrate, P. 84.) 

Notet. — 1. The solubility in water of the chromatee of the aJludine^Mith 
elements increases rapidly in the order, Ba, Sr, Ca, Mg, as shown io tbe 
Table on page 124. Tbe difference in solubility of BaQOt aod 8rCK>( ia so 
great that under the conditions of the procedure 0.5 mg. Ba can be deteeted, 
while even 400 mg. Sr giv no precipitate. The amount of I^CiOi added a 
sufficient to precipitate completely more than 600 mg. of barium. 

2. Acetic acid is added to increase the solubility of SrCtOt- By ita action 
the concentration of the chromate-ion is decreased, owing to ita ooDvenioa 
partly into hydrochromate'ion and partly into bicbromate^ca, aooording to tfai 
reactions: 

CrOt" + H* - HCrOr; and 2HCiOr = ^O + CriOr-. 
It is evident that the ratio of the CrOt~ to the ECt04~ oracentfmtion moM 
decrease as tbe H' concentration increases. For this reaaon the preaoun of aa 
exc^s of a largely ioniied acid (such as HCl or HNOi) would prarent tha pt» 
dpitation of BaCtOt; but since acetic acid is a slightly ionised acid, and ajaae 
a large amount of acetate is present, tbe addition of a ConsideEBblfl ^eeH rf 
acetic acid has but little effect. 

3. TbeKzCrO^i-^ added slowly to the hot solution and the mirtara ia AakiB 
and heated in the neighborhood of 100° before filtering sinee othanna tba 
precipitate ia liable to pass through the filter. By this method of ^neipiUUm 
almost all the barium is precipitated before an excess of K^rO* ia added. 
This ia of importance, since, when much barium is ptaseat, aa .inaefa ^ 3 ang. 
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Sr may be carried down completely if the EsCrOi reagent be added quickly. 
If for any reason the filtrate is turbid after two or three filtrations, Uie pre- 
cipitate may be coagulated by boiling gently for 1 or 2 minutes. Vigorous 
or long-continued boiling is to be avoided, since, owing to loss of acetic acid, 
SrCrOi may then separate if much strontium is present When less than 1 
mg. Ba is present it is very difficult to distinguish the faint turbidity in the 
colored solution; but the pale yellow precipitate can be seen after filtering and 
washing the KsCrOi out of the filter. The precipitate must be washed thoroly, 
in order to remove strontium as completely as possible, which otherwise would 
obscure the flame coloration in the confirmatory test for barium. 

Procedure 83. — Confirmaiory Test for Barium, — Pour repeatedly 
through the filter containing the KaCrOi precipitate (P. 82) a 5-10 cc. 
portion of hot HCl, and evaporate the solution just to dryness in a 
small casserole. Heat a platinum wire having a small loop at one 
end in a gas flame till it no longer colors the flame, dip it in HCl, 
touch it to the residue in the casserole, and introduce it again into the 
flame. (Green color, presence of barium.) If this flame test is in- 
conclusiv, treat the residue by the second para^aph of P. 82, using 
only one third of the volume of each of the reagents. (Yellow pre- 
cipitate, presence of barium.) 

Notes. — 1. When the amount of barium present is very small, only a mo- 
mentary green color is seen as the yellow sodium color which first appears 
fades away. The only other elements that color the flame green are copper, 
boron, and thallium. Strontium givs a crimson and calcium an orange-red color. 

2. If a small quantity of S1C1O4 was precipitated in P. 82, owing to the pres- 
ence of a very large amount of strontium in the substance or owing to failure to 
follow the directions, it will not again precipitate in this second treatment; 
for the quantity of strontium now present in the solution is much less than 
before. A yellow precipitate obtained in this second treatment is therefore 
oonclusiv evidence of the presence of barium. 

Procedure 84. — Precipitation of Strontium. — ^To the filtrate from the 

EsCr04 precipitate (P. 82) in a conical flaak add NH4OH slowly 

until its color changes from orange to yellow, and then 10 cc. more. 

Dilute the solution to 65 cc, heat it to about 70^, and add to it 

50 cc. 95% alcohol, 5 cc. at a time, shaking for 10-15 seconds after 

each addition if a precipitate forms. Cool the solution in running 

water, shaking it continuously. If a large precipitate forms, add 

3 cc. 3-normal EsCr04 solution and 10 cc. 95% alcohol, and diake. 

(Light yellow precipitate, presence of strontium.) Filter after 5-10 

minutes with the aid of suction; suck the precipitate as dry as 

i, but do not wash it. (Precipitate, P. 85; filtrate, P. 86.) 

iMss.— 1. Under these oomditions 1 mg. of strontium yields a preeipitate« 
irtdle 0f«i 4tXHM mg. of ealeiam or magnesium do not do so. A 
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moderate change in the oonditiona will not affeet this rarah; but if the 
oentration of alcohol or KsCrOi is much lees than is reoommendedf the pie- 
eipitation of strontium may be incomplete; while the addition of larger amounts 
of alcohol and KsCiOi may cause the precipitation of chromate of oaloiimi or 
magnesium if much of these elements is present, or of KtGr04 itsdf , sinoe the 
latter is not very soluble in alcohol. The confirmatory test should therefore 
always be tried. 

2. When a large quantity of strontium or barium is present, the KsGr04 
added in P. 82 may have been so far removed from the solution that the stron* 
tium is not at first completely precipitated. In such cases, in order to ensiife 
its complete precipitation, more K2Cr04 is added in this Procedure. 

3. The alcohol is added to the hot solution, in small portions, and with 
vigorous shaking, so that all the SiCrOi may not be suddenly precipitated^ 
whereby it is apt to separate in so fine a form that it passes through the 
pores of the filter-paper. 

4. If the filtrate is not perfectly clear, even after a second filtration, it may 
be made so by adding some paper-pulp, shaking vigorously for a minute or 
two, and again filtering with the aid of suction. The pulp may be made by 
shaking violently a filter-paper torn into small pieces with 10 cc. wator in a 
stoppered test-tube, and pressing out most of the water between the fingers. 

5. The precipitate is not washed, since SrCi04 is fairly soluble in water. 

Procedure 85. — ConfirmatoTy Test for StranUum. — ^If the KtCr04 
precipitate (P. 84) is small, pour three or four times through the filter 
contaimng it a hot mixture consisting of 10 cc. (NH4)sC0« reagent 
and 5 cc. 3-normaI KtCr04 solution. If the KtCr04 precipitate is 
large, transfer it to a casserole, heat it for 4-5 minutes with 15 cc. of 
the same mixture, and filter. In either case wash the residue thoroly 
with cold water. Then pour repeatedly through the filter a cold 5-10 
€C. portion of 1-normal HAc. Evaporate the solution just to dryneM, 
add 2-3 00. water, transfer the solution to a test-tube (pouring it 
through a very small filter, if it is not perfectly clear), add 3 cc. satu* 
rated CaS04.2HiO aplution, and heat in a vessel of boiling water for at 
least ten minutes. (Fine white precipitate, presence of STBONnuii.) 

NoUr-Tbto mixture of (NH4)sCX)k and K^OiOa ooumta Si€Sr04 into tba 
leM soluble 8iCX)i; but it has no action on any BajCi04 that may be present^ 
and only very little of any such BaGr04 diasolTes in the subsequent treatment 
with HAc. Any CaCr04 present is converted by the mixture into CaOOji, 
and this diawlves in the HAc; but a solution of a ealeium salt givi no pie* 
dpitate with saturated CaS04 solution (tho it might, of course, do so with a 
concentrated solution of another sulfate, like KS8O4). 

Procedure 86.— fVectpttation of Calcium. — To the filtrate from the 
KJCtO^ precipitate (P. 84) add 60 cc. water, heat it to boiling, add 
to it slowly 60 cc. boiling-hot (NH4)sCs04 solution, and keep it nearly 
boiling for 6 minutes. (White precipitate, presence of calcium.) 
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inter the mixture while it is still hot; and wash the precipitate 
once or twice with water. (Precipitate, P. 87; filtrate, P. 88.) 

NaUa. — 1. The solution is heated to boiling and the ammoninm oxalate 
sohition is added slowly, in order to cause the CaCs04 to precipitate in the 
form of coarser particles which can be more readily filtered. The mixture is 
kept hot for 5 minutes to ensure the complete precipitation of calcium. 

2. The mixture is not heated for more than 5 minutes and is filtered 
while still hot, in order to prevent so far as possible the precipitation of 
MgCi04.2HsO. This substance, tho slightly soluble even in hot water, has an 
unusually great tendency to remain in supersaturated solution, especially if 
agitation of the solution be avoided. When a large quantity (200-^iOO mg.) 
of magnesium is present, it may precipitate even when the above-given 
directions are closely adhered to. 

2. Owing to the possibility that the oxalate precipitate may consist of 
magnesiimi or strontium oxalate the confirmatory test for calcium described 
in P. 87 should always be made. 

Procedure 87. — Confirrnatary Test for Calcium. — Pour repeatedly 
through the filter containing the (NH4)2Cs04 precipitate (P. 86) a cold 
5 cc. portion of H2SO4; add 10-15 cc. 95% alcohol, and let the mixture 
stand for several minutes. (White precipitate, presence of calcium.) 

N0U8. — 1. CaCjPiQfi is very difficultly soluble in water, but disBdves in 
dilute solutions of largely ionised acids, owing to the formation by metathesis of 
imioniied HQ|04'~. CaS04 is somewhat soluble in dilute H18O4, but is com- 
pletely thrown out as a flocculent precipitate by the addition of the aloohoL 

2. One milligram of calcium produces a turbidity at once, 0.5 mg. in 1-3 
minutes, and 0.2 mg. within 10 minutes. Evea a large amount of mAgn— liim 
does not interfere with the test. If strontium were present, a small amount of it 
would dissolve in the H18Q1, but only enough to giv a slight turbidity on the 
addition of alcohol, corresponding to that given by 0.2-0.3 mg. of odctum after 
standing a few minutes. Therefore anjrthing more than a slight tuibiditj is 
proof of the presence of ealdum. 



Brocediire 88. — Detection of Magnenum. — ^To the filtrate from the 
(NH4)iCt04 precipitate (P. 86) add 10 cc. 15-iiormal NH4OH and 
25 cc. NatHPOi solution; cool, and shake the mixture; if no precipi- 
tate forms, let the mixture stand for at least half an hour, shaking it 
frequently. (White precipitate, presence of ifAONSsiuii .) Filter out 
the precipitate, wash it once with alcohol, and treat it by P. 89. 

NoU. — This test for magnesium depends upon the precipitation of magne- 
flhim ammonium fdiosidiate, Mg(NH«)PQ|. This salt is faiily soluble even 
in oold water, owing chiefly to hydrolyBis into NH^H and Mg^HP04''; 
and the test is therefore made in a stroni^ ammoniaeal solution. Since the 
solubility inereases rapidly with the temperature, the sohition is cooled to the 
room te mp er atur e, or bdow. In an aqueous sohitioo this substance shows 
a great tendeni^ to form a supersaturated sohition, and it is therefore usually 
directed to make the test in as small a vehmie as possible. In the presence of 
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alcohol, however, precipitation takes place rapidly, and even 0.5 mg. of mag- 
neeium produces a distinct turbidity in a solution containing 190 cc. water and 
50 cc. alcohol within half an hour. A small precipitate of this kind settles out on 
further standing and may then be detected by rotating the sohitkm so as to 
cause the precipitate to collect in the center. 

Procedure 89. — Confirmatory Test for Magnesium. — Pour repeatedly 
through the filter containing the Na3HP04 precipitate (P. 88) a 5 oc. 
portion of 2~nomial H2SO4; add to the solution 20 cc. 95% alcohol, 
and shake it continuously for two or three minutes. Filter, if there 
is a precipitate; add to the filtrate 10 cc. water, 20 cc. NH4OH, 
and 5 cc. Na2HP04 solution; and let the mixture stand at least half an 
hour. (White crystalline precipitate, presence of magnesium.) 

Noies. — 1. This confirmatory test should be tried whenever NasHP04 pro- 
duces a small precipitate that is not distinctly cr3rBtalline. For, if even a 
small quantity of strontium or calcium failed to be precipitated in P. 84 or 86, 
a flocculent precipitate of Sn(P04)2 or Ca«(P04)i would come down on the 
addition of NaaHPOi 

2. The addition of Hs304 and alcohol precipitates strontium and calcium so 
completely that any precipitate (more than a very slight turbidity) produced 
on adding NatHP04 to> the HsSOi-^olution can not be due to these elements. 
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Table XII. — ^Analtbib or the 


Alkau-Gboup. 




FII/ntATB ntOM AMMOMIUM CABBONATB PRECIPITATB: NH4, K, Na SftltS. 

Evaporate and ignite the reeidue (P. 91), 


Vapor: 
NU4 salts. 


Residue: KCl, NaCl. Add HCIO^ evaporaU, add alcohol (P. 92).. 


Eeddue: KCIO4. 

Diesobfe in hot water, 

add Na^oiNOt)^ (P. 9S), 


Solution: NaClOi. 
SaturaU vnth HCl gas (P. 94). 




Plnecipitate: NaCl. 

Dissolve in xoater^ add 

KiJSj/SWi (P. 96). 


Filtrate: 
Bidect. 




Yellow precipitate: 
KtNaCo(N02)6. 




Crystalline precipitate: 
NaeE^Sb^T. 





Procedure 91. — Removal of Sulfate and of Ammonium SaUa. — 
Evaporate the filtrate from the (NH^aCOs precipitate (P. 81) to a 
volume of 10-15 cc. till it no longer smells of ammonia. 

To 10 drops of the filtrate add 4-5 drops HCl and 1-2 cc. BaCU 
solution. (White precipitate, presence of sulfate.) 

If BaCls produces no precipitate, treat the rest of the filtrate by 
the last paragraph of this Procedure. 

If Bads produces a precipitate, add to the rest of the filtrate 5-10 
cc. BaCU solution, heat the mixture to boiling, and filter out the pre- 
cipitate. To the filtrate add 5-15 cc. (NH4)2COs reagent, heat the 
mixture to boiling, filter out the precipitate, and treat the filtrate 
by the last paragraph of this Procedure. 

Evaporate the filtrate to dr3mess in a small casserole, and ignite 
the residue, at first gently, then just below redness, until no more 
white fumes come off, keeping the dish in motion over a flame and 
taking care to heat the sides as well as the bottom of the dish. Cool 
completely, add 5 cc. water, filter the mixture through a 5-cm. filter, 
evaporate the filtrate to dryness in a small casserole, and heat the 
dish at a temperature just below redness. (White residue, presence 
of POTASSIUM or SODIUM.) Treat the residue by P. 92. 

Notes. — 1. If sulfate is present, either because it was a constituent of the 
substance or because HsS04 was used in the {reparation of the solution (in P. 
5 or P. 8), it must be removed before attempting to separate potassium and 
sodium by P. 02. The process of removing it involves its precipitation as BaS04 
by the addition of BaCb, the removal of the excess of barium by the subsequent 
T 
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addition of (NH4)tCX)«y and finally the volatilisation of the ammonium aahs by 
ignition. If phosphate ia present, it is also removed by the addition of BaGh to 
the neutral solution; but, as it is not necessary to remove it, the preliminazy 
test with BaCIs is made in HCl solution, in which case sulfate alone produoes 
a precipitate. 

2. Great care must be taken to volatiliie the ammonium salts completely, 
since even 1 mg. of ammonium would giv a precipitate in the subsequent test 
for potassium in P. 02. To ensure their removal the residue is ignited twice. 
The dish must not, however, be allowed to become red-hot during the ignition, 
since at that temperature potassium and sodiimi chlorides are somewhat volatil. 

3. The formation of a precipitate with BaCk does not necessarily show 
that sulfate is present in the original substance, even when HtS04 has noi 
been used in preparing the solution; for it may have been {xroduoed by the 
oxidation of sulfide, when the substance contains it, in preparing the solution 
in P. 3 and 4; or it may even be formed in small quantity by the oxidation of 
the HsS and (NH4)tS used as reagents. 

4. A brown or black residue of organic matter, coining from impurity in the 
ammonium salts added in the course of analysis and from the alcohol and filter 
paper, may remain upon treating the ignited residue with water. There may 
also be a white residue of silica, coining from the action of the reagents on the 
glass and porcelain vessels throughout the course of the analysis. 

5. Since in the dry form even a residue that seems very small may correspond 
to an appreciable quantity of potassium or sodium, the subsequent tests for theee 
elements should be made if there is any residue whatever after the final ignition. 

Procedure 92. — Separation of Potassium and Sodium. — To the ig- 
nited residue (P. 91) add 5-15 cc. 2-normal HCIO4; and evaporate, by 
keeping the dish in motion over a small flame, till thick white fumes of 
HCIO4 come off copiously (which occurs when the liquid is reduced 
to about one-fourth of its original volume). Cool completely, add 
10-20 cc. 95% alcohol, and stir the mixture for 2-5 minutes if there 
is much residue. If there is still a residue, add 3 cc. 2-nonnal 
HCIO4. (White residue, presence of potassixtm.) Filter through a 
dry filter-paper, and wash the residue with 95% alcohol. (Precipi- 
tate, P. 93; filtrate, P. 94.) 

Notes, — 1. £nou|^ HCIO4 muBt be added to convert the potassium and 
flodium chlorides completely into perchlorates, and the evaporation must be con- 
tinued till all the HCl is expelled; for otherwise NaCl, being insoluble in aloohsA, 
may be left as a residue with the KCIO4. An unnecessary excess of HCIO4 is, 
however, to be avoided, since it makes the subsequent test for sodium somewhat 
less delicate. The quantity added is therefore varied (from 5 to 15 cc.) in ac- 
cordance with the size of the ignited residue obtained in P. 91. 

2. The evaporation is continued till the HCIO4 fumes strongly, also for the 
purpose of removing most of the water; for this test for potassium and the 
subsequent test for sodiimi (io P. 94) are more delicate, the less the quantity of 
water present. When the directions given in the Procedure are followed, 1~1| 
mg. of potassium produces a distinct precipitate. 

3. If sulfate were present in the (NH4)sCX>i filtrate and it were not removed 
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in P. 91 by the addition of BaCti, this BepanJdxm of potassium and Bodium would 
be unsatisfactory; for, when sodium is present, NasS04 would remain in the 
residue undissolved by the alcohol. This arises from the fact that HsS04 is less 
volatil than HCIO4 and is therefore not expelled by it in the evaporation, and 
from the fact that Na^SOi is only slightly soluble in alcohol even in the presence 
of HCIO4. The presence of phosphate or borate does not, however, interfere 
with the separation; for, tho phosphoric and boric acids are not volatilised 
in the evaporation with HCIO4 and tho their sodium salts are very slightly 
soluble in pure alcohol, yet these salts are metathesized by the excess of per- 
chloric acid, since this acid is much more largely ionised than phosphoric or 
boric acid. The sodium therefore remains dissolved in the alcoholic solution. 

4. A small quantity of sulfate is usually produced when the (NH4)tC0i 
filtrate is evaporated to dryness and the residue is ignited, owing to the action 
of the nitrate present on sulfur-compounds coming from the decomposition of 
the (NH4)tS reagent. To redissolve any precipitate of NagSO^ arising from 
this small quantity of sulfate, 3 cc. more of 2-normal HCIO4 are added at the 
end of the Procedure when there is a residue undissolved by the alcohol. 

Procedure 93. — Confirmatory Teat for Potassium. — Pour repeatedly 
through the £iter containing the HCIO4 precipitate (P. 92) a 5-10 cc. 
portion of boiling water, add to the solution 3-5 cc. NaNOi solution 
and 2-3 cc. HAc, and boil the mixture gently in a casserole for 5-6 min- 
utes. Cool the mixture, add to it 5 cc. NasCo(N02)6 reagent, and let 
it stand for 10 minutes. (Yellow precipitate, presence of potassium.) 

Notes, — 1. This confirmatory test should not be omitted, owing to the pos* 
sibility that, in consequence of imperfect manipulation, the residue left undis- 
solved by the alcohol in P. d2 consists of NH4CIO4, NaCl, or NasS04. The 
NH4CIO4 may result from incomplete removal of the ammonium salts in the 
ignition, the NaCl from incomplete conversion of the chlorides into perchlorates 
in the evaporation with HC104, and the NasS04 from the presence of sulfate 
which was not removed by the use of BaCls. 

2. The boiling with NaN(^ and HAc serves to destroy any small quantity 
of ammonium (up to 20-30 mg.) which might possibly have escaped volatilisa- 
tion in the ignition. It is destroyed in virtue of the reaction NHi'^'Cl^-f HNO^* 
Ni+2HsO+H'''Cl~. If ammonium is present in the solution tested with 
Na8Co(NOs)6» it yields a precipitate closely resembling that produced by potas- 
sium. 

3. By this test the presence of 0.3 mg. of potassium may be detected within 
5-10 minutes. The yellow color of the precipitate can be best seen by collecting 
it on a filter, and washing out the solution thoxoly with cold water. 

Procedure 94. — Detection of Sodium, — Pour the alcoholic filtrate 
(P. 92) into a dry conical flftsk placed in a vessel of cold water, and 
pass into it a fairly rapid current of dry HCl gas until the gas is no 
longer absorbed. (White precipitate, presence of sodixtm.) Filter. 
Reject the filtrate ; wash the precipitate with a little alcohol, and 
treat it by P. 95. 

Nates, — 1. This test for sodium is most dehcate when the alcohol is com- 
pletely saturated with HCl gas, in which case 1 mg. of sodium can be detected. 
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2. The dry HCl gas may be prepared by dropping 06% EUOt from a 
■eparating funnel into a flask containing solid NaCl covered with IS-nonnal 
HCl, and passing the gas througji a gas-wash4>ottle ftwrnjuning g6% H^904. 
Such a gas-generator may be conveniently kept ready for use in a hood in the 
laboratory, as the evolution of gas soon ceases when no more H^Qi is added. 

3. The alcoholic filtrate containing the excess of HCIO4 must not be evapo* 
rated, since a dangerous explosion is likely to result. 

Procedure 95. — Confirmatory Test for Sodium. — ^Pour a 5-10 oc. 
portion of water repeatedly through the filter containing the HCl 
precipitate (P. 94), evaporate the solution just to dryness, add 1 oc. 
water and 2 cc. K2HsSbi07 reagent, pour the mixture into a test-tube, 
and let it stand for at least half an hour, preferably over night. (White 
cr>'stalline precipitate, presence of sodium.) 

Notes. — 1. The sodium pyroantimonate (NatHsSbiOr) separates aa a heavy 
dystalline precipitate, which usually adheres in part to the glass in the ffomi of 
distinct crystals, which can be best sea:! by inverting the test-tube. The 
is not extremely delicate; but 1 mg. of sodium is easily detected. 

2. With the antimonate reagent many other elements, even if ptesBOi 
small quantity, giv precipitates; thus a distinct turbidity is produeed bj 
0.1-0.2 ms. of calcium, barium, or magnesium, and by 1-2 mg. of 
These elements produce, however, light, flooculent precipitates wfaidi look 
different from the heavy aystalline precipitate obtained with sodium, 
if the mixture has been allowed to stand a few hours. The oystals of the ■»- 
dium sah may be separated from a flocculent precipitate by ■'■•^■^ the 
mixture, waiting long enough for the heavy crystals to settle, and 
off the solution oontaining the flooculent predpitata in suqieosoiL 
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SUPPLEMENTARY PROCEDURES FOR BASIC CONSTITUENTS. 



Procedure 96. — DeUdion of Ammonium. — Place 0.2-0.3 g. of the 
finely powdered original substance and 2 cc. NaOH solution in a 
50 cc. round-bottom flask. Insert a stopper carrying a glass rod 
around whose end is wound a piece of moist red litmus paper; and 
heat the mixture nearly to boiling. (Blue coloration of the litmus 
paper and odor of ammonia, presence of ammonium.) 

Canfhrmaiory Test for Ammonium. — If the litmus turns blue or the 
vapors smell of ammonia, pour into the flask 10 cc. water, insert a 
stopper fitted with a long, wide delivery tube leading to the bottom 
of a test-tube placed in a vessel of cold water, and distil slowly till 
about half the water has passed over. To the distillate add a 10% 
solution of KiHgl4 in 3-normal NaOH drop by drop so long as the 
precipitate increases. (Orange precipitate, presence of ammonium.) 

Notes, — 1. LesB than 0.2 mg. of ammonium can be detected with litmuB 
paper and by the odor when the test is carried out as described in the first 
paragraph of the Procedure. The test described in the last paragraph is use- 
ful with very small quantities of ammonium as a confinnation, and with larger 
quantities as a means of better estimating the proportion of it present. 

2. The orange precipitate produced by the action of NHt on alkaline 
K2Hgl4 is a complex compound of the composition HgO.HgNHsI. The test 
is extremely delicate, a distinct precipitate resulting even with 0.2 mg. NH4 
in 5 CO. solution, and a pronounced yellow color with a much smaller quan- 
tity. This fact must be taken into account in estimating the quantity of 
ammonium present. 

Procedure 97. — Determination of the State of Oxidation of Met- 
cury, Tin, and Iron. — If mercury, tin, or iron has been found to be 
present, heat 20-30 cc. 6-normal HsSOi to boiling in a small flask 
(to expel the air from the solution and flask) ; drop in 0.3 g. of the 
finely powdered original substance; and, if solution does not take 
place at once, boil the mixture for 2-3 minutes, covering the flask 
loosely with a small watch-glass. Pour 5 cc. portions of the solution 
(through a filter if it is not clear) into test-tubes containing: a, 5 cc. 
1-normal HCl (white precipitate, presence of mbrcurous mbrcubt 
or silver) ; 6, 5 cc. SnCU solution (white precipitate, presence of mer- 
curic mercury) ; c, 5 cc. HgClt solution (white precipitate, presence 
of STANNOUS tin); d, 5 cc. EsFe(CN)6 solution (blue precipitate, 
presence of ferrous iron); e, 5 cc. ESCN solution (red coloration, 
presence of ferric iron). If a precipitate is produced by HCl in o, 
filter and add the filtrate (instead of fresh portions of the H8SO4 solu- 
tion) to the solutions named under 6 and c; and if silver is present 
in the substance, treat the HCl precipitate with NH4OH by P. 14. 
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Notes. — 1. If in preparing the solution for the analysis for basie ooostitiienta 
the substance was dissolved in water or cold dilute HNO|, the state of oxidatioD 
of mercury will have been determined by its presence or absence in the HCI 
and H2S precipitate. But, if the substance was treated with hot or ooooen- 
trated HNOi, any mercurous compound present will have been partly or 00m- 
pletely oxidised to the mercuric state. 

2. Stannous and ferrous salts oxidise rapidly in the air. Henoe, if the tests 
for them are to be delicate, the contact with the air must be made as short as 
possible. 

3. Ferrous and ferric salts show a different behavior also with KiFeCCN)^; 
the former giving a white precipitate (of K2FeFe(CN)e) which rapidly turns 
blue in the air and the latter a dark-blue precipitate (of ferric ferrocyanide» 
Fe4(FeG6N«)3). Since this reagent produces a precipitate with both kinds of 
salts, it is less suitable than K^e(CN)e for distinguishing between them. — 
The precipitate produced by K^e(CN)6 with ferrous salts is also ferric f€nK>- 
oyeadde. 

Procedure 98. — Determination of the State of OxidaHon of Arsenic. — 
If arsenic has been found to be present, place 0.3 g. of the solid 
substance in a 100 cc. round-bottom flask arranged for distillation 
as described in P. 111. Place in the receiving flask 50 cc. of water. 
Pour into the distilling flask 10 cc. 12-normal HCI and distil till about 
5 cc. have passed over. (See Note 1.) Pass HfS into the distillate. 
(Yellow precipitate, presence of absbnitb.) 

If HfS produces no precipitate, pour into the distilling flask 5 cc. 
12-nonnal HCI in which 0.5 g. powdered FeSOi has been dissolved, 
and distil into a fresh 50 cc. portion of water till 5 cc. have passed 
over. Pass HsS into the distillate. (Yellow precipitate, presenoe of 

ABSBNATB.) 

NoieB, — 1, As the arsenic vapors are very poisonous, care masl he taken thai 
they do not escape into the air, 

2. This method of diatinguishing arsenite and arsenate depends upon the 
facts that arsenite is largely converted by strong HCI into AsQt, iHiich ia 
volatil with steam, while arsenate is not oonverted into the corresponding 
diloride, and is therefore not volatil. By the addition of FeS04, however, 
arsenate is reduced in the presence of HCI to AsCls, which then vcilatiliaeB 
with the steam. — ^Less than 1 mg. of arsenic in either state of oxidation is 
readily detected by this procedure. 

3. When arsenite is present, it can be completely driven over into the 
distillate by distilling the substance with 10 cc. 12-normal HCI till only 
2-3 cc. remain, replacing the HCI which has distilled off, distilling again, and 
repeating these operations till the distillate give no precipitate with BUS. 
Then, to test for arsenate, a solution of FeSOi in HCI may be added, the 
mixture again distilled, and the distiUate saturated with H2S. The removal 
of the arsenite, is, however, so slow that six or eight repetitions of the distilla- 
tion may be necessary. 
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Procedure 99. — DeUcHon of Very Small QtAantiHes of Arsenic and 
Antimony. — Prepare a HsSOi solution of the substance by heating 
0.2-0.3 g. of it with 10 cc. HsSOi if it does not contain organic matter, 
or by treating a larger quantity of it by the first paragraph of P. 8 
if it contains oi^anic matter. Place 2-3 cc. of pure, finely granulated 
sine in a 75-cc. flask fitted with a stopper through which pass a 
thistle-tube and a delivery-tube bent at a right angle. Connect the 
delivery-tube through a tube filled with small lumps of CaCls with a 
hard-glass tube drawn out to a point at one end and constricted to a 
fairly wide capillary tube in the middle. Pour into the flask 10-15 
cc. water and 10-12 drops of CUSO4 solution; then add enough HtS04 
to produce a fairly rapid evolution of hydrogen. After the air has been 
expelled from the apparatus (as shown by the fact that, on filling an 
inverted 7-cm. test-tube with the gas and touching the mouth of it to a 
gas-fliame, the gas bums quietly without exploding) light the gas at 
the end of the hard-glass tube and heat that tube just back of the cap- 
illary with a small gas flame. (See Note 4.) If after 2-3 minutes no 
black deposit appears in the capillary (showing the purity of the re- 
agents), pour into the flask the HsSOi solution of the substance, a little 
at a time, and let the gas continue to pass through the heated tube for 
4-5 minutes. (Black deposit in the capillary, presence of absbnic 
or ANTIMONY.) Ck>ol the hard-glass tube, and (Up the capillary part 
of it in a test-tube containing NaOCl solution. (Partial or complete 
solution of the deposit, presence of absbnic; incomplete solution of 
the deposit, presence of antimony.) 

Nates. — 1. This method of detecting arsenic and antimony depends upon the 
facts that, ^en hydrogen is produced in a solution containing these elements 
all of the arsenic is converted into hydrogen arsenide gas (AsEb) and a part of 
the antimony is converted into hydrogen antimonide gas (SbHs); and that these 
gases decompose into their elements at a moderately high temperature. 

2. The treatment of the deposit with NaOCl solution serves to distinguish the 
two elements; for metallic arsenic is readily converted into H3A8O4 by that 
reagent, while metallic antimony is not acted upon by it. ESven when they are 
present together, it is usually possible to detect both of them; for arsenic, being 
more volatil, deposits in the part of the capillary further from the flame, and this 
part of thedeposit may be seen to dissolve, and the other part to remain undis- 
solved, in the treatment with NaOCl solution. 

8. The addition of the CUSO4 solution serves to produce a deposit of copper 
on the sine granules and thus to accelerate through the voltaic action the evo- 
hition of hydrogen and the formation of the AsE^ and SbHs. 

4. Hydrogen arsenide is an extremely poisonous gas. Therefore it must not 
be allowed to escape into the air through leaks in the apparatus or by discon- 
tinuing the heating of the hard-glass tube while much AsE^ is being evolved. 

5. This process is commonly employed for the detection of arsenic in papers, 
fabrics, and other organic materials. 
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GENERAL DISCUSSION. 



Cyanide. 


Bromate. 


Chloride. 


Nitrate. 


Bromide. 


Phosphate. 


Iodide. 


Sulfate. 


Thiocyanate. 


Borate. 


Chlorate. 


Fluoride. 



The acidic constituents whose detection is here provided for are: 

Carbonate. 

Sulfite. 

Thioflulfate. 

Nitrite. 

Hjrpochlorite. 

Sulfide. 

Somewhat different processes are described in this book for the de- 
tection of these constituents, according as the substance is: 

(1) completely dissolved by cold dilute acids; 

(2) decomposed only by hot concentrated acids; 

(3) not decomposed even by concentrated acids. 

In the process employed when the substance is dissolved by cold 
dilute acids, certain volatil constituents, namely, carbonate, nitrite, 
hypochlorite, and chlorate, are first tested for by treating the substance 
with hot dilute hydrochloric acid and bringing suitable solutions in 
the form of a drop or upon a test-paper into contact with the vapors. 
This process is outlined in Table XIII on page 97. A nitric acid solu- 
tion of the substance is then prepared; and, by adding to portions of 
it various reagents, most of the other acidic constituents are detected 
through the formation of characteristic precipitates or colorations. 
This process is outlined in Tables XIV and XV on pages 98 and 100. 
The remaining constituents are finally tested for with samples of the 
original substance, as outlined in Table XIX on page 112. 

In the process employed when the substance is decomposed only by 
hot concentrated acids the substance is first boiled with a solution of 
phosphoric acid. The vapors which come off while the phosphoric 
acid is dilute contain the readily volatil constituents; these are con- 
densed in barium hydroxide solution, constituting the ''first distillate." 
Hie vapors passing over when the phosphoric acid becomes more 
concentrated contain the acids corresponding to the less volatil con- 
stituents, namely, to chloride, bromide, iodide, thiocyanate, chlorate^ 
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and nitrate; these are condensed in water, constituting the "second 
distillate." Finally when the phosphoric acid has become very con- 
centrated, copper is added to it, causing sulfate to be reduced to sulfite 
and to pass over as eulfurous acid into the "third distillate." These 
distillates are then tested for the separate constituents by appropriate 
reagents. This system of procedure is summarized in Tables XVII 
and XVIII on pages 107 and 110. Portions of the solid substance are 
then tested for the remaining constituents by such of the procedures 
outlined in Table XIX on page 112 as the results of the previous tests 
make necessary. 

The second of these processes can, of course, be employed, in place 
of the first one, also with substances which are dissolved by cold dilute 
acids; and the analyst may prefer to use it as the general procedure for 
all substances decomposable by acids. 

In the process employed with substances not completely decomposed 
even by hot concentrated acids, samples of the solid substance are 
tested for the readily volatil constituents, and portions of a nitric add 
extract of the substance are tested for the other constituents, just as 
in the case of substances dissolved completely by dilute nitric acid. 
The residue undissolved by nitric acid is then fused with sodium car- 
bonate, the mass is extracted with water, and the solution is tested for 
the constituents that are likely to be present in insoluble substances, 
namely, for sulfate, sulfide, chloride, phosphate, borate, and fluoride. 

It is to be noted that the system of procedure for detecting the acidic 
constituents can often be much shortened by omitting the tests for 
certain constituents which are excluded by the known character or 
source of the substance, or by its solubility considered in connection 
with the basic constituents present. Thus, it is useless to test a mineral 
for nitrite, sulfite, hypochlorite, chlorate, or cyanide; or, in a neutral 
water-«oluble substance containing barium or silver it is imnecessary 
to test for any of the acidic constituents which form insoluble com- 
pounds with these elements. A general statement as to the solubilities 
of substances in water or dilute acids will be found in Note 9 on page 
31; and numerical values of the solubilities of some analytically im- 
portant substances are given in a table on page 124. 

In addition to the acidic constituents listed on page 94, the follow- 
ing ones, which are detected in the course of the analysis for basic con- 
stituents, are frequently met with in minerals or industrial products * 

Silicate. Arsenate. Chromate. 

Stannate. Areenite. Permanganate. 
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TREATMENT OF SOLID SUBSTANCES. 



Procedure xoo. — General Directions. — If the substance is completely 
dissolved by cold dilute HNO« (as used in P. 2), test samples of the 
substance for certain volatil constituents by P. 101. Prepare a solu- 
tion of the substance by dissolving 2 g. in 30 cc. cold 1-normal HNQt; 
test portions of this solution by P. 102-104; and test the remainder of 
the solution by P. 105, 106, and 107, if in P. 103 halides are found to be 
present. Test fresh samples of the substance for borate by P. 121 
and for nitrate by P. 124; also for nitrite by P. 125 and for hypochlorite 
by P. 126, if the previous tests show that they may be present. 

If the substance is not completely dissolved by cold dilute HNOs, 
but is decomposed by hot concentrated acids (as used in P. 3 and 4), 
treat a 2 g. portion of it by P. Ill, and treat the distillates thus ob- 
tained as directed in P. 111. Test also fresh samples of the sub- 
stance for borate, fluoride, and phosphate by P. 121, 122, and 123; 
also for nitrate, nitrite, hypochlorite, and chlorate by P. 124-127, if 
the previous tests show that these constituents may be present. 

If the substance is not completely decomposed even by concentrated 
acids, treat samples of the substance by P. 131. 

NoUs, — 1. When the substance is completely decomposed by dilute adds 
the analysis for acidic constituents can be made by testing for the TariouB 
constituents in the manner described in the first paragraph of the foregoing 
Procedure. When, however, the substance is not decomposed by dilute acids, 
some of the acidic constituents might escape detection if tested for in these 
ways. With such a substance it is therefore necessary to use a more powerful 
decomposing agent. Phosphoric acid is suitable for this purpose, since it is a 
fairly strong acid whose sohition can be made highly concentrated without caus- 
ing much volatilization or decomposition of the acid. When the substance 
does not dissolve completely in dilute HNOs it is therefore directed to boU it 
with dilute HsPOi (as described in P. Ill) and to condense the vapors which 
contain all the volatil acids resulting from the decomposition of the substance. 
This process serves at the same time to separate the acidic constituents of the 
substance from its basic constituents, thereby facilitating the detection of the 
acidic constituents. 

2. Even with a substance which dissolves completely in dilute adds it is 
often advantageous to employ the distillation process of P. Ill; for tho the 
tests for the readily volatil acidic constituents described in P. 101 are very 
delicate, they do not enable a satisfactory estimate to be made of the propor- 
tions in which the constituents are present. Moreover, these tests fail to detect 
certain of the constituents when they are present together (for example, car- 
bonate in the presence of sulfite). 

3. If the substance is not decomposed even by hot concentrated acids, it has 
to be decomposed by fusion with Na^COs, as described in P. 131. 
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SUBSTANCES DISSOLVED BT DILUTE NITBIC ACID. 



Table XIII. — ^Dbtegtion of Cabbonatb and of NrrRiTE, Htpochlobitb, 

OR Chlorate. 



Heat the substance with H%0\ and HCl, and 
expose to the vapors Ba(OH)t schiiion (P. 
101), 



Heat the substance trith HCl, and expose 
to the vapors paper wet with starch and KI 
sotutions (P. 101.) 




White turbidity: BaCOs. (Shows carbon- 
ate.) 



Blue coloration: Is (Shows nitritb, 
chlorite, chlorate, bromatb, 

IODIDE.) 



OB 



Procedure loi. — Detection of Carbonate and of Nitrite, Hypochlorite, 
or Chlorate. — Place 0.1 g. of the finely powderetfk|ubstance in a 30 cc. 
conical flask, add 2 cc. 3% HsOt solution, heat^ne mixture nearly to 
boiling, and to the hot mixture add 5 or 6 drops HCl. (Effervescence, 
presence of carbonate.) Insert in the flask a two-hole rubber stopper 
through which passes a glass rod from which is suspended a drop of 
Ba(OH)s solution. (White turbidity, presence of carbonate.) 

Place in the flask a fresh 0.1 g. sample of the substance, and add to it 
2 cc. of water. Make a conical paper-roll out of half a filter-paper; 
suspend it from the under side of a two-hole rubber stopper by inserting 
the narrow end of the roll in one of the holes; dip the other end of the 
roll in a solution of KI and starch contained in a 7-cm. test-tube; drop 
into the flask 5-6 drops HCl, insert the stopper, and heat the liquid 
nearly to boiling. (Blue coloration of the paper, presence of NrrRiTB, 

HYPOCHLORITE, CHLORATE, BROMATE, or IODIDE.) 

Notes. — 1. In the test for carbonate HsOs solution is added to ozidiie sulfite 
or thioeulfate to sulfate and prevent the evolution of SOt* which like CX)| 
produces a white precipitate in Ba(OH)t solution. 

2. A blue coloration of the starch-KI paper shows that there is present in 
the vapors either free iodin or one of the volatil substances which liberates iodin 
from KI; namely, chlorin, bromin, or nitrogen dioxide. In the presence of starch, 
* which forma with water a colloidal solution, the iodin is dissolved by the minute 
starch gbbules or is adsorbed on their surface; and in this finely divided state 
it possesses a deep blue color. Chlorin or bromin usually arises from the presence 
in the substance of hypochlorite, chlorate, or bromate, together with a chloride 
or bromide. Iodin vapors may be liberated from an iodide, when any oxidizing 
substance, such as a ferric salt, is also present. Nitrogen dioxide is produced 
from nitrites; it reacts with KI according to the equation: NOS+H2O+2 KI 
»N0+Is+2 KOH. When a blue coloration results the naturo and quantity 
of the constituent in the substance which givs rise to it are more definitly 
determined by later procedures, as described in the general direetioos given in 
P. 100. 
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Table XIV. — Detection of the Acmic Constituentb Pbbcipitated kkom Acid 

Solutions bt Babium and Silteb Salts. 



To a HNOz soltUion of the aybstance 
add BaCh (P. lOt). 



Precipi- 
tate: 
g|S04. 

sul- 
fate.) 



I 



Filtrate. Add Brt. 



Precipi- 
tate: 

BaS04. 
(Shows 
sulfite.) 



Ffltrate. Add NHaAc. 



To a HNO% sduUan of the stibaUmee 
add Cd{NOth (P. 105). 

Yellow I FiltnXe: add AgNOt. 



precipitate :| 

CdS. Precipitate: 



I 



Yellow 
precipitate: 
BaCr04. 
(Shows 

CHBOMATE.) 







Filtrate. 
Add CaCh* 



Precipitate: 
CaF2. 
(Shows 

FLUOBIDE.) 



(Shows 

SULFIDE.) 



AgCl, 
AgBr, Agl, 

Ae(CN),, 

AgSCN. 

(Shows 

HAUDES, 

CYANIDE, 

or TEQO* 

CTANATE.) 



Filtrate: 

AgCaOi, 

AgBiO^. 

AddHiSOi, 



Precipitate: 

AgCl, AgBr. 

(Shows 

CHLORATE 
or BBOMATB.) 



Procedure X02. — Detection of Sulfate, Sulfite, Chromate, and Flu-- 
oride.— To 10 cc. of the HNO, solution (P. 100) add 10 cc. BaClt solu- 
tion, and let the mixture stand in the cold for 5 minutes. (White 
precipitate, presence of sulfate.) 

Filter the mixture, repeatedly if necessary; add to the filtrate (unless 
it smells of HtS) saturated Brt solution, 1 cc. at a time, till it is present 
in excess, and let the mixture stand for 5 minutes. (White precipitate, 
presence of suLFrrE.) 

Filter the mixture, repeatedly if necessary, add to the filtrate 6 cc. 
3-normal NH4AC solution, and let the mixture stand 5 minutes. (Fine 
yellow precipitate, presence of chromatb.) 

Filter the mixture, add to the filtrate 10 cc. CaCU solution, and let 

it stand 15 minutes. (White turbidity, presence of fluoride.) Confirm 

the presence of fluoride by filtering off the precipitate, igniting the 

filter containing it in a spiral of platinum wire till it is incinerated, 

and treating the residue by P. 122. 

Notes. — 1. Of the barium salts the sulfate is the only one that is precipitated 
by a moderate excess of BaCls from a HNOt solution as strong as 0.5 normaL 
From the HAc solution produced by adding to such a HNOs solution 1) times 
as many equivalents of NH4AC the chromate is precipitated completely, and the 
fluoride is precipitated when more than about 10 mg. of fluorin is present. 
Sulfite, if it were not previously removed by converting it into sulfate by the 
addition of Br^, would also precipitate on the addition of the NEUAc. From 
a neutral solution phosphate, carbonate, and borate are also precqiitated; but 
none of these separates from the HAc solution. 
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2. Of all the inorganic acidic constituents the fluoride is the only one whose 
calcium salt is much less soluble in water than its barium salts. BiiJ*s is soluble 
in water to such an extent that imder the conditions of the procedure about 10 
mg. of fluorin remain in the HAc solution. A precipitate produced by CaClt 
therefore shows fluoride. The precipitate of CaFs has, moreover, a characteristic 
appearance, separating first as a milky turbidity which slowly settles out in 
flocculent form. 

3. The addition of NH4AC to the HNOt solution may cause the precipitation 
of other substances than BaCr04 and BaFt; namely, of any substances, such as 
bismuth salts, ferric or aluminum phosphate, silicic acid, which are dissolved by 
HNOs but not by HAc. In such a case the test for chromate is obscured; fmt 
fluoride may still be detected in the filtrate with CaCb. 

4. Sulfide and sulfite can not be present together in an acid solution; for they 
destroy each other with the separation of sulfur. It is therefore useless to test 
a solution containing HsS for sulfite; moreover, the sulfur which would be precip- 
itated on adding bromin to such a solution might be mistaken for BaSOi. 

Procedure 103. — Detection of Svlfide, of Halidee, and of Chlorate or 
Bromate. — To a 5 cc. portion of the HNOs solution (P. 100) add 5 cc. 
CdCNOa)^ solution. (Yellow precipitate, presence of sulfide.) 

Filter out the precipitate; and to the filtrate add 20 cc. of water and 
5 cc. AgNOs solution. (White precipitate, presence of chlobidb, 
CYANIDE, or thiocyanate; yellow precipitate, presence of bboiode or 

IODIDE.) 

Filter out the precipitate; to the filtrate add a few drops of AgNO« 

solution; then add 20 cc. HNO« and 5 cc. saturated SOs solution, and 

let the mixture stand for 5 minutes. If there is a precipitate, beat the 

mixture nearly to boiling. (White precipitate, presence of chlorate; 

yellow precipitate, presence of bbomate.) 

Notes. — 1. The presence of sulfide is detected by the test-paper test In P. 
101 ; but its precipitation as CdS enables the amount to be better estimated. 

2. All the common silver salts, except the three halides, the cyanide, thio- 
cyanate, and sulfide, are either soluble in water (as are the nitrate, sulfate, 
chlorate, and fluoride), or dissolve readily in HNQi owing to displacement of 
the weaker acid (as do the phosphate, carbonate, borate, and sulfite) . There are, 
however, some exceptions to the principle that salts of weak acids are readily 
soluble in a strong add. Thus AgiS does not dissolve in dilute HNQi because 
its solubility in pure water is so extremely small that there is only a very minute 
concentration of S~ ion in the saturated solution, and this can yield, in ac- 
cordance with the mass-action law, only a relativly small concentration of 
SH' and unionized HsS with the H**" ion of the ID^Qi. Silver cyanide has 
for another reason a very slight concentration of its anion in its saturated 
solution; namely, because of the fact that this salt exists in the solution mainly 
as Ag^ and Ag(CN)s~, and scarcely at all as Ag^ and CN~. 

3. The reduction of chbrate to chbride by the HsSOi is not instantaneous; 
but it is so rapid that 0.5 mg. ClOt in a volume of 60 cc. produces a precipitate 
in less than 5 minutes. 
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4. Before the MJUitnn of the KSQi a few drops of AgNOi are added to maka 
anre that the halidea have been oompletdy predpiiated. A large qoantitj of 
HNOi is also added to preFent the precipitation <^ AgiSQi; and, if a p re cipit ate 
separates on adding the SQi sohition, the mixture is heated neariy to boiling to 
make sore that the precq>ttate is not AgiSOs. 

5. If mQd\ bromate is present, some of it is preeqxtated upon the first 
addition of AgNO^ atong with the silver halides; but some of it also remains 
in the sohition and shows the same behavior as chkvate. In order to distinguish 
between them, the final precipitate with AgNQi may be treated as foQowa: 
Sospeod it in 25 oc. water, pass in HfS until the mixture is saturated with it» 
heat to boiling, filter off the precipitated A^ boil the filtrate till the B^ is 
expefled, and test it for bromide and chloride by P. 106. 



Table XV. — ^Dstbction of Phosphatb and the Skpabatb Haudi 



To parUont cf the HNOi wlution of the nAsUmee (P. 100): 



Add (NHAhMoOA 

(P. mi 



Ydk>w precipitate 

(NH4)iP04. 

(MoOi)]i. 
(Shows PBoe- 



\ 



Add PeCk Add NoAe, HAc, KMjiOa, ond CHCk (P. 106).^ 
(P. 106).^ ; r 



Chlorof<Min ;Water layer: add Hf/SOi^ awr* 

Red cokir: I layer, purple: ' KMnO^ and CHCk- 

Fe(SCN),. ! Ii. 



I (Shows Tmo- , (Shows lomns.) CUorofoim 
j CTANATB.) I ; lagrcr, orange: 



(Shows BBO- 
) 



Water layer: 

6ot2 oui the Bf^f 

add HNOt amd 

AgNOi. 



Aga 

(Shows 



) 



mtm tcDom^d cmify m 



AcNOi 



■iP. lOS. 



Procedure li^— Detection of PhospliaU.—ReaX 3 cc. of the HNO^ 
solutioii (P. 100) to boiling, add it to 6 cc. (NH4)iMo04 sdution, and 
let the mixture stand 5 minutes. (Ydlow precipitate^ presence of 

PHOSPHATE.) 

NoU. — 1. In Older that the test may be deheate, a large pwipmiio n of the 
(NHihMoOi moBt be present to rednee the sohibihty of the precipitate; and 
a diort time must be allowed for the formation of the complex p hospho m olyb* 
date. This is promoted by gentle wanning; but in a hot sohition arsenate or 
silicate may giv rise to a similar yellow precipitate, while in the cold the re- 
action is given only by phosphate. By this test 0.1 mg. P0| may be detested. 

Procedure 105. — Detection of Tkiocuanaie. — If AgNOs produced 
a preciiutate (in P. 103), add to 2 cc. of tlie HNOs solution (P. 100) 
4rS drops of FeCU sdution. (Red color, presence of thioctanatb.) 
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NoU. — ^Tlie red color anses from the formation by metathein9-*Qi[ Pe(^N)iy a 
■ubstance whose degree of ionization is relativly smalL A di&d^ Jreddjsh- 
yellow color is produced by 0.1 mg. SON, a deep-red color by 1 mg.'or ipbre/ . 
Iodides giv a similar red color to FeCSs solution. '*• / / 

Procedure io6. — Detection of the Separate Halides. — If AgNO» pro- 
duced a precipitate (in P. 103), add to the remaining 10 cc. oif the 
HNOt solution (P. 100) in a conical flask 3-nonnal NasCO« solu- 
tion, a few drops at a time, till the liquid no longer givs a decided 
red color to blue litmus-paper. (If too much has been accidentally 
added, add HNOt drop by drop till the solution again reddens blue 
litmus-paper.) Then add 8 cc. NaAc solution, 2 cc. HAc, and (after 
filtering out any precipitate) 3 cc. chloroform (CHCU). Finally add 
1% KMn04 solution, 1 cc. at a time, shaking moderately after each 
addition, till the aqueous layer becomes pink. (Purple coloration of 
the chloroform, presence of iodide.) Pour the mixture through a 
moistened filter to remove the chloroform and precipitated MnOi, and 
shake the filtrate once or twice with a fresh 10 cc. portion of chloroform 
to extract all the iodin. 

Place the aqueous solution and 3 cc. chloroform in a separating 
funnel, add 5 cc. HtSOi, and 1 cc. 1% KMnOi solution, unless such 
an excess is already present, and shake. (Yellow or orange coloration 
of the chloroform, presence of bromide.) 

Transfer the aqueous layer to a casserole, add 5-20 cc. 1% KMnOi 
solution, and boil the mixture 3-5 minutes. Filter off the MnOi, and, 
if the solution is still pink, add HtSOt solution drop by drop until it is 
colorless. Dilute the solution to 100 cc, filter if necessary, and add 
20 cc. HNOt and 5 cc. AgNOt solution. If a precipitate forms, heat 
the mixture to about 70°. (White precipitate, presence of chlobide.) 

Notes, — 1. This separation is based upon the dififerent rates at which 
KMn04 sets free by oxidation the three halogens from their salts in a solution 
of definit hydrogen-ion (H.^) concentration. A dilute solution of acetic acid 
containing considerable sodiiun acetate has such a hydrogen-ion concentration 
that an iodide is immediately oxidized by KMn04 with liberation of iodin, 
while bromide and chloride are not oxidized to an appreciable extent in the 
time rec(uired for the operations. When the H'*' concentration is increased by 
the addition of the prescribed quantity of HsS04, the bromide is oxidized very 
rapidly, while the rate of the corresponding reaction for the chloride is still so 
smaU at room temperature that scarcely any chlorin is set free. Even when 
the solution is boiled to expel the bromin, only a small fraction of the chloride 
present is oxidized to chlorin. 

2. The rate of any reaction is increased by increasing the concentration of 
any of the substances that is consumed by it. By writing the ionic equation 
for the reaction between bromide, permanganate, and any acid, 8 H'*' wiU be 
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seen to»}:jSaV(.^itli 1 Mn04~, thus explaining the great effect of the oonooEitiAtion 
\ of tberii^^rogen-ion on the rate of Uie reaction. 

\ 3.* *^o secure satisfactory results, the directions as to the quantitieB of tlie 
•*acids added must be followed carefully. The proper quantity of H^Oi is that 

required to react with all the sodium acetate and to giv in addition an e» ee M 

equal to about 1 cc. HsS04 per 20 cc. of sohition. 

4. The yellow color of bromin in 3-5 cc. chlorofoim enables about 0J5 mg. 
of it to be detected in this procedure. 

5. A very small precipitate of AgCl obtained at the end of the procedure 
does not necessarily indicate the presence of chloride in the substance, unleai 
the reagents used have been proved to be entirely free from chloride. Even 
then a very slight precipitate (corresponding to less than 0.1 mg. CI) may 
result from a reaction between the permanganate and chlorofonn. For these 
reasons a blank test should be made in any doubtful case. 

6. Before adding the AgNOs in the test for chloride the sohition is dihited 
and HNOs is added to it, so as to prevent the precipitation of AgtS04 and AgtSQi. 
The mixtiu« is heated to make sure that the precipitate is not one of theee 
substances. 

7. If HON, HsS, or HSCN is present in the solution, it wiU be expelled 
or destroyed by the boiling with KMn04 before the test for chloride is made. 

Procedure 107. — Detection of Cyanide, — Place what remains of the 
HNOs solution in a casserole; add 1 cc. NaOH solution and 0.5 cc. 
FeS04 solution; and boil for one minute. To the hot mixture add 
HCl, a few drops at a time, until, on shaking, the dark colored pre- 
cipitate of ferrous and ferric hydroxides is dissolved. Cool the mix- 
ture. If a precipitate is not plainly visible, filter, and wash out the 
filter-paper once with water. (Blue precipitate, presence of CYANms.) 

Notes. — 1. This test is based upon the formation of sodium ferrocyanide by 
the action of the sodium cyanide on the ferrous hydroxide and upon the reaction 
which takes place on acidification between this ferrocyanide and the ferric salt 
which has been produced by the oxygen of the air. As a result of these two 
reactions, ferric ferrocyanide (Prussian blue) is formed, which is difficultly 
soluble in dilute HCl. 

2. A small precipitate is not readily detected in the hot reddish-yellow 
solution, but is more easily seen in the cold light-colored solution, especially 
after standing, or when collected on a filter. If the precipitate on the filter 
is not dark blue, it should be washed with a little hot, dilute hydrochloric add. 
With these precautions, 0.2 mg. CN in the solution tested can be detected. 

3. Cyanides may be present in the original substance in the form either 
of simple or of complex cyanides. The latter are characterized by oomplez 
anions (such as Ag(CN)r and Fe(CN)e~~~). These differ very greatly in 
their stability towards decomposing agents, the difference depending on the 
extent to which they are dissociated into the simple ions (Ag^ and CN~ or 
Fe**^ and CN~). Ferrocyanides, ferricyanides, and cobalticyanidee are so 
slightly dissociated in this way that scarcely any HON is produced when dilute 
HCl, HNOs, or H2SO4 is added to their cold solutions; but almost all the other 
complex cyanides (such as KAg(CN)2 or K2Ni(CN)4) are readily decomposed by 
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these acids. The above prooeduie does not distinguish these different simple 
and complex C3ranides from one another. 

4. The following procedure enables 2 mg. cyanide to be detected in the 
presence of ferro or ferricyanide: Place in a 20 cc. distilling flask provided 
with a thistle-tube 0.5-1 g. of the original substance, 2 g. powdered CaOOi, 
and 10 cc. water. Add very gradually through the Uustle-tube 2 cc. HCl 
(enough to decompose some, but not all, of the CaOQi). Allow the gas which 
is evolved to pass into a small test-tube containing 1 cc. NaOH and 5 cc. water- 
Finally heat the contents of the flask almost to boiling. Test the NaOH solu- 
tion for cyanide by P. 107. — ^This separation depends upon the fact that HON 
is displaced by HsCQi from simple cyanides and from the relativly unstable 
complex cyanides, such as AgCCN)}" or Ni(CN)4~, but not from ferro or 
ferricyanides. 

6. Ferrocyanide and ferricyanide may be detected and distinguished from 
each other when only one of them is present, by addiog a ferric salt to one 
portion of an aqueous or dilute acid solution, and by adding ferrous salt to 
another portion of the solution. A ferric salt givs a blue precipitate of ferric 
ferrocyanide with fenocsranide, but no precipitate with a ferricyanide. A 
ferrous salt givs the same blue precipitate (of ferric ferrocyanide) with a ferri- 
cyanide; but it also givs with a ferrocyanide a precipitate (of ferrous ferro- 
cyanide), which is white if no ferric salt is present, but which rapidly turns 
blue in contact with the air. 

6. Ferrocyanide and ferricyanide may be detected in the presence of each 
other by proceeding as follows: Add to an aqueous or dilute HNO« solution of the 
substance AgNOs and then a moderate excess of NH^OH. (White precipitate 
insoluble in NH^H, presence of ferhoctanidb. Orange to red precipitate 
readily soluble in NH4OH, presence of ferbictanidb.) Filter out and wash 
the precipitate, and pour over it a little FeCls solution. (Blue coloration, 
presence of febboctanide.) Acidify the ammoniacal filtrate with HAc, filter 
out and wash the precipitate, and pour through the filter containing it a little 
FeSOi solution. (Orange-red precipitate, which is turned blue by the FeS04, 
presence of ferbictanidb). This procedure enables 0.2 mg. Fe(CN)§ as either 
ferro or ferricyanide to be detected wheo present alone; but the test for ferri- 
cyanide is much less ddicate in the presence of much ferrocyanide. 
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SUBSTANCES DECOMPOSED ONLY BT CONCENTRATED ACIDS. 



Table XVI. — Bbhayiob of thb Acmic Constitubntb on D]btiu.ation with 

Phosphobic Acm. 

jDuea t^ «u68torice tc^ dtfiite H1PO4 (P. iii). Collect the firsl haff of the dMUate 
tn Ba(OH)t eohUion and the eecond half in water. To the residue add Cu and dtatU 
again, collecting this third distillate in water. 





SECOND DIBTnj^ATE 


THIRD DIBT. 


NONYOLATIL BE8IDUB 


CQi from carbonate. 


UCl from chloride. 


SQifrom 


JULPUt from phosphate. 


SQs Crom sulfite or 


HBr from bromide. 


sulfate. 


UBQi from borate. 


thiosulfate. 


HI from iodide. 




HtSiQi from silicate. 


Cb from hsrpochlorite, 


H8CN from thio- 






dilorate, or chloride.* 


cyanate. 






Bin from bromate or 


HCN from ferro- or 






bromide.* 


ferri-cyanide. 






It from iodide.* 


BS from insoluble 






HNOs from nitrite. 


sulfides. 






HsS from sulfide. 


HNOs from nitrate. 






HON from cyanide. 


Cls from chlorate or 






S from sulfide or thio- 


chloride.* 






sulfate. 


Bit from bromide.* 
It from iodide. 
S from sulfide, etc. 







* When the rabtUaM oontoini alio an osidianc oompound. 

Procedure iii. — Distillation with Phosphoric Add. — ^Place 2 g. of 
the finely powdered substance and a few glass beads in a distilla- 
tion-apparatus, arranged as shown in the figure, consisting of a 100 cc. 
round-bottom hard-glass flask fitted with a rubber stopper, through 
which pass a delivery tube and a safety-tube, 20-30 cm. long, leading 
to the bottom of the flask. Support the flask in an inclined posi- 
tion. Lead the end of the delivery tube through a two-hole stopper 
into 40 cc. of nearly saturated Ba(OH)s solution contained in a 100 
cc. flask supported in a large beaker of cold water. Boil in a small 
flask for about a minute a mixture of 25 cc. water and 10 cc. 85% 
H»P04 (to expel any COj present in it). Pour this mixture into the 
distilling flask with the aid of a small fimnel connected with the 
safety-tube. Heat the mixture to boiling, distil till about 10 cc. 
have passed over, and then remove the distillate. (White precipitate, 
presence of carbonate, sulfite, thiosulfate, sulfide, or sulfub.) 

Cool the distillate, and add to it HAc, 1 cc. at a time, till it reddens 
blue litmus-paper. (Complete or partial solution of the precipitate or 
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e£Fervescence, presence of cabbonatb; residue, presence in the sub- 
stance of free sulfur, sulfide, sulfite, or thiosulfate.) If there 
is a residue, treat one-third of the distillate immediately by P. 112, 
and separate portions of the remainder by P. 113, 114, and 115. U 
there is no residue, treat separate portions of the whole distillate by 
P. 113, 114, and 115. 

Introduce the end of the delivery tube of the distilling flask into 
another receiving flask containing 35 cc. water. Continue the distil- 
lation until the liquid becomes sirupy, boils more quietly, and begins 
to giv off fine white fumes. Treat this distillate as directed in P. 116. 

To the contents of the distilling flask, while still warm, add 5-10 g. 
of copper filings or turnings. Distil for 3-5 minutes longer, col- 
lecting the distillate in 15 cc. of water. Note the odor of the distillate, 
and treat it by P. 119. 

Notes. — 1. It is necessary to use a hard-glass flask, since one of ordinary 
glass is quickly destroyed by the action of hot, concentrated H3PO4. The boil- 
ing is sometimes violent, especially when much insoluble material is present. 
The addition of the glass beads serves to reduce the bumping; and placing 
the flask in an inclined position prevents material from being thrown over 
into the distillate, which would lead to error in the subsequent tests. In any 
case in which it seems possible that some of the boiling liquid has been thrown 
over into the distillate, a small portion of the latter should be tested for phos- 
phate by acidifying it with HNOt and adding an equal volume of (NH4)iMo04 
solution (see P. 104). 

2. Phosphoric add, which is ionized into H*^ and H2P04~ to a moderate 
extent (about 40% in 0.1 normal solution), displaces almost completely from 
their salts (unless these are very diflScultly soluble) the much lees ionized adds. 
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HiCQi, HNOti Hi3, HCIO, HCN, HF, and H«BQs, and also to a large extent 
the moderately ionized H^SQi. Siaoe all these adds, except HF and Hi|BO|, 
volatilise readily out of aqueous solution, they pass over almost or quite ccwi- 
pletely into the first distillate, HdO in the presence of chloride giving Cb. 
The largely ionized acids, HCl, HBr, HI, HSCN, HNOs, HCIQb, HsFe(CN)t, 
and H4Fe(CN)6, are not found in any considerable proportion in the first dis- 
tillate, since the unionized acid is formed in much smaller proportion, and 
since in addition it is much less volatil. Of these the first five pass ova* 
unchanged and almost completely into the second distillate; for after the 
HsP04 has become fairly concentrated, the adds are displaced to a greater 
extent and volatilize more readily in consequence of the higher temperature 
at which the mixture boils and the smaller proportion of water it contains. 
From the stronger HsP04 solution HF also passes over in large quantity; but this 
is not true of HsBOs and H2SO4, which volatilize only in insignificant amounts 
even when the acid has become nearly anhydrous. The three adds, HClQi, 
H4Fe(CN)e, and H«Fe(CN)6, are not volatil as such, but are decomposed by 
the HsP04 after it becomes fairly concentrated — HClOs with formation of Clt 
and Os, H«Fe(CN)e and H4Fe(CN)e with formation of free HON. In regard 
to the acids that may be present in the two distillates, see also Table XVI. 

3. The barium salts of all the adds passing into the first distillate, except 
the carbonate and sulfite, remain in solution. Phosphoric acid, if thrown over 
mechanically, would, however, also giv a predpitate. Sulfur, when present in 
the free state or when liberated from a polysulfide or thiosulfate, volatilizes 
with the steam, and givs a turbid appearance to the water condensed in the 
delivery tube and to the bariiun hydroxide solution, by which it is little acted 
on in the cold. Chlorin is converted by the barium hydroxide into bariiun 
chloride and h3rpochlorite; bromin, into bromide and hypobromite, and into 
bromide and bromate; and iodin, mainly into iodate and iodide. 

4. On addifying the first distillate slightly with HAc, BaCQi dissolves, but 
BaSOs does not. This difference in behavior is due to the fact that hydrocar- 
bonate-ion (HCOt~) is much less ionized than hydrosulfite-ion (HSOs"). 
Sulfur, if present, also remains undissolved. The addition of HAc causes the 
liberation almost at once of chlorin, bromin, or iodin from a mixture of hypo- 
chlorite and chloride, hypobromite and bromide, or iodate and iodide; but 
bromin is set free somewhat more slowly from a mixture of bromate and bromide. 

6. A small precipitate obtained in this procediu*e (or in the following one) 
does not prove the presence of carbonate in the mixture imless the prescribed 
precautions are carefully observed — ^namely, the boiling of the original H3PO4 
solution, and avoiding the exposure to the air of the various solutions, especially 
that of the BaOtHj. Even with these precautions, however, it is seldom pos- 
sible to prevent the absorption of enough COs to produce a slight turbidity. 

6. Upon boiling the E^P04 with the copper, H2SO4, if present, is reduced to 
HiSOs; and this passes over into the distillate in the form of SQi gas. Less 
than I mg. SO4 can be detected by this process of distillation. The copper 
should be findy divided and should be added while the liquid is still warm, 
since on cooling it soh'difies to a glassy mass, which consists of pyrophosphoric 
acid (H4P2O7). The heating should be continued for 5-10 minutes; but, if 
much more prolonged, the contents of the fiask change to a solid mass, owing 
to conversion of the pyro to metaphosphoric add (HPOs)} which can after- 
wards be removed only with difficulty, best by heating with HNO3. 
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Table XVII. — ^Analysis of thb Fnusr Dibtiixatb. 



F1B8T DisTiLLATB. — Precipitate: BaOQi, BaSOs, S. 

Solution: Ba(C]0)s, Ba(BrO)s, Ba(I03)s, (with halidee); Ba(NO^)s, BaS, Ba(CN)s. 
To the whole mixture add HAc (P. 111). 

Precipitate: BaSCk, S. Solution: B^OCh, Ck, Bit, Is, HNO^, B^, HON. 
Treat portions of the unfiltered mixture as follows: 



Add HCl and filler (P. lit). 



Residue: S. 
(Shows 

SULFIDE 
or THIO- 

BUI«FATE.) 



Solution. Add Br^. 



Precipitate: 
BaS04.* 



Solution: 
H2CXD1. 



Distil a fresh portion 
of the substance tviih 
HzPOi and H^, 
collecting the distil- 
laU in Ba(OH)i. 



Precipitate: BaCO|. 

(Shows CARBONATE.) 



Add CHCk 
(P. 113). 



Purple color: Is. t 
Orange color: Bis-t 



// the CHCk M 
colorless, add KL 
Purple color: Is. 

(Shows NITRITE, 
HTFOCHLORITE I 
or CHLORATE.) 



Filter, add 
Cd(N0i)2 
(P. //4). 



Precipitate: 

CdS. 

(Shows 

SULFIDE.) 



Heat with 

NaOH and 

FeSOi 

(P. 115). 



Solution: 

Na4Fe(CN)e. 

Precipitate: 

FerOH)s-|. 

Add HCl. 



Blue pre- 
cipitate: 
Fe4(Fe- 
(CN)e)i. 
(Shows 

CYANIDE.) 



* Shows SULVITB or nooeuLVAin. t Shows xodidb. t Shows bbomatb or bbomids. 

Procedure 112. — Detection of Sulfite or Thiosidfate and of Carbonaie. — 
To one-third of the first distillate (P. Ill), if there was a residue on 
adding HAc, add 1-2 cc. HCl. (Residue, presence of free sulfur, 
SULFIDE, or THiosuLFATE.) Filter, and add to the filtrate saturated 
bromin solution till the liquid becomes slightly yellow. (White pre- 
cipitate, presence of sulfite or thiosulfate.) 

If sulfite or thiosulfate is found present, treat a fresh 0.3 g. portion 
of the substance by the first paragraph of P. Ill, replacing however 
10 cc. of the water added with the H»P04 by 10 cc. 3% HjOt solution. 
Acidify the distillate with HAc. (Precipitate which dissolves on 
adding HAc, presence of carbonate.) 

Notes. — 1. Both sulfite and thiosulfate yield SOs on distillation with H4PO1; 
but they are distinguished by the fact that the thiosulfate yields also sulfur, 
while the sulfite does not. The sulfur remains mainly in the distilling flask until 
the second part of the distillation, but enough of it may pass over into the first 
distillate to leave it turbid after the addition of HCl. 
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2. When sulfite or thiosulfate is present the presence of carbonate (unkas 
the proportion of it is large) cannot be determined by the behavior in P. Ill of 
the barium precipitate towards HAc. To provide for this case it is directed in 
this Prodecure to distil a fresh portion of the substance with HsP04 in the pres- 
ence of H202» which oxidizes sulfite or thiosulfate to sulfate and prevents any 80i 
from passing over into the distillate. 

Procedure 113. — Detection of Nitrite and Halogen4iberating Constiir 
uents. — To one-fourth of what remains of the first distillate (P. Ill), 
add 1-2 cc. HAc and 2-3 cc. of chloroform, and shake vigorously. 
(Purple coloration of the chloroform, presence in the distillate of 
free iodin; yellow or orange coloration, of free bbomin.) 

If there is no coloration, add 8-10 drops of 0.1-normal KI solu- 
tion, and shake the mixture. (Purple color, presence in the distillate 
of CHLORiN or of NrrBOUS acid; no color, absence of nitrite and 
HTPOCHLORiTE in the substance.) 

If there is a coloration either before or after the addition of KI, 

test fresh samples of the original substance for NrrRrrE, htpoghlo- 

BFTB, CHLORATB, and BROMATE by P. 125, 126, and 127. 

Notes. — 1. For the reactions between the halogens and barium hydrozidft 
and their re-formation on acidifying with HAc, see P. Ill, Notes 3 and 4. 

2. The characteristic piurple color given to chloroform is so delicate a test 
that even 0.05 mg. of iodin in the solution tested can be detected by this pco- 
oedure. Bromin may be detected, but only in the absence of iodin, by the 
orange or yellow color of the chloroform layer when not less than 0.5 mg. of 
bromin is present in the solution tested. Chlorin gives no decided color to 
the chloroform, but causes liberation of iodin on the addition of KI. 

3. The free halogens distribute themselves between the chloroform and 
water layers. In the case of pure bromin or iodin the ratio of the concaitration 
in the diloroform to that in the water layer is very large; and this ratio is 
almost independent of the concentration, in accordance with the so-called dis- 
tribution law, which requires that the ratio of the concentrations of a given 
molecular species, such as Bi>i or Is, in any two non-miscible solvents be con- 
stant. When an iodide, like KI, is also present, as it is in the test for free 
chlorin and nitrous acid, the proportion of iodin extracted by the chloroform 
is greatly reduced, since the iodin in the aqueous layer is largely combined 
with the iodide in the form of the triiodide (KIs); but it is stiU sufficient 
to make the color-test a very delicate one, provided only a few drops of the 
KI solution have been added. 

4. For extracting the halogens from aqueous solutions carbon tetrachloride 
or carbon bisulfide may be used instead of chloroform; but carbon bisulfide has 
the disadvantage of being highly inflammable. 

5. If the tests described in both paragraphs of this procedure jrield negativ 
results, it shows the absence in the substance of nitrite and h3rpochlorite, but 
not of the halides nor of chlorate and bromate, since these constituents may not 
be decomposed or volatilized till the H3PO4 becomes concentrated in the later 
part of the distillation. 
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6. If the chloroform aasumes a purple color when it is first added to the dis- 
tillate, it shows the presence in the substance of free iodin, of iodate, or of iodide 
(from which iodin has been liberated in the distillation by the action of the air 
or by some oxidizing compound present in the substance). If the chloroform 
assumes an orange color, it shows the presence in the substance of a bromate, 
or of a bromide together with some oxidizing compound. In these cases the 
presence or absence of other halogen-containing constituents and of nitrite has 
to be determined by the special tests described in P. 125-127. 

7. If the chloroform becomes colored only after the KI is added, it shows the 
presence in the substance of nitrite, h3^pochlorite, or chlorate (or possibly only 
of chloride in rare cases where a powerful oxidizing substance, such as MnOi, 
KMn04, or KaCnO?, is also present). A slight purple coloration on adding KI 
may also arise from a quantity of bromin too small to giv of itself a noticeable 
yellow color to the chloroform. Which one of these constituents givs rise to the 
color has to be determined by the special tests. 

8. Nitrous acid liberates iodin from KI owing to its reduction to nitrie 
oxide. A peculiarity of this reaction is that the nitric oxide which is formed 
by it is rapidly reoxidised by the oxjrgen of the air to nitrous add, which then 
reacts with the iodide, so that a continuous liberation of iodin results. Thus 
the nitrous add acts as a catalyzer of the reaction between oxygen and HI. 
This piogresdv liberation of iodin is highly characteristic of nitrous acid, but 
renders it difficult to estimate the amount of it present. 

Procedure 1x4. — Detection of Sulfide. — To one-half of what still 

remains of the first distillate (P. Ill), add 2-3 cc. Cd(NOt)s solution. 

(Yellow precipitate, presence of sulfide.) 

Note. — ^A negativ test in the first distillate does not prove the absence 
of sulfide in the original substance, unless the latter has dissolved completely 
in the dilute HSPO4; for some difficultly soluble sulfides, such as CuS, are 
decomposed only when the HsPQi becomes concentrated, as it does in the 
latter part of the distillation. It is therefore directed in P. 116 to test also the 
second distillate for sulfide. 

Procedure 115. — Detection of Cyanide. — Treat the remainder of the 
first distillate by P. 107. 

Note. — In regard to the detection of cyanide see the Notes on P. 107. In the 
HgPOi distillation not only the simple C3ranides but also nearly all the complex 
cyanides are decomposed in the first part of the distillation; but a few very 
slightly soluble complex cyanides (such as Prussian blue) yield HCN only in 
the second part of the distillation. 
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P. 116 



Tablb XVIII. — ^Analtbib or thb Second and Thibd Dibtiulatb. 



BBOQND dibtillatb: B^, HON, HSCN, HO, HBr, HI, Qs, Bii» Is. 



To a portion 

add A N0» 

(P. 116), 



Precipitate: 
AgQ, AgBr, 
Agl, AgBCN, 

AfitS, 
Agi(CN)s. 



// AgNOi gitm a predpUate, treat portions asfoUows: 



Add 

CdlNOth 

(P. lUh 



Precipitate: 

CdS. 
(Shows Buii- 

FIDK.) 



AddFeCk 
ondHCl 
(P. 117). 



Red color: 

Fe(SCN)^ 

(Shows THIO- 
CTANATE.) 



AddCHCk (P. US). 



CHCls layer: 
Ij, Bm, Ck* 

If colorle88, 
oddKI. 



Purple color: 
I2. (Shows 

CHLORATE 
or CHLORIDE.) 



Water layer: 
HQ, HBr, HI. 

Test for sepor 

rate HALIDES 

by P. 106. 



THIBD dib- 
tillatb: 
HaSQ^ 
Add Ha, 
BaCkfOnd 
Brt (P. 119). 



Precipitate: 
BaSOi. 
(ShowB 

BI7LFATB.) 



* Puiple eoloimtloD aliowB iodide, orange coloration, bbumxdb or bromatb. 

Procedure 116. — Detection of Constituents Precipitable by Silver 
Nitrate. — To one-sixth of the second distillate (P. Ill) add 1 cc. 
HNOt and 1 cc. AgNOt solution. (White precipitate, presence of 
CHLORIDE, CYANIDE, or thiocyanate; ycUowlsh precipitate, presence 
of BROMIDE or iodide; black precipitate, presence of sulfidb.) 

If there is a precipitate, test one-sixth of the second distillate for 
sulfide by P. 114, another sixth for thiocyanate by P. 117, and the 
remainder for free halogen and halides by P. 118 followed by P. 106. 

If there is no precipitate, reject the whole second distillate. 

Notes. — 1. As to the solubilities of the various silver salts, see Note 2, P. 103. 

2. It is Dot accessary to test for cyanide in this distillate; for even the - 
insoluble ferro and ferricyanides are decomposed partly, tho not necessarily 
completely, in the first part of the distillation. It is, however, advisable to 
test for sulfide unless the substance dissolved completely in Hie hot dilute 
HsPOi, or unless the AgNOs precipitate is pure white; for some insoluble 
sulfides begin to decompose only when the HsPOi becomes concentrated. 

Procedure 117. — Detection of Thiocyanate. — Dilute a sixth of the 
second distillate (P. Ill) to 5-10 cc, add 2-3 drops of FeCU solu- 
tion and 2-3 drops of HCl. (Red color, presence of thiocyanate.) 

Notes. — 1. The red coloration arises from the formation by metathesis of 
Fe(SCN)s, a substance whose degree of ionization is relativly smalL The HC! 
is added to reduce the hydrolysis of the FeCla and diminish the color imparted 
by it to the solution. — A distinct reddish-yellow coloration is produced by 
0.1 mg. SON. A deep red color is obtained when 1 mg. or more is present. 

2 . Since in the distillation with H8PO4 thiocyanates are destro3red by oxidizing 
agents, such as nitrates, it is advisable to apply this test also to a solution of the 
original substance when oxidizing substances are found present. 
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Procedure zi8. — Detection of Chlorate, Bromaie, and the Halidea. — If 
AgNOa gave a precipitate in P. 116, to the remainder of the second 
distillate in a separating funnel add 2-3 cc. chloroform and shake. 
(Purple color, presence of iodide; orange or yellow color, presence of 

BROMIDE or BROMATB.) 

If the chloroform is colorless, separate it from the aqueous layer; 
and add to the chloroform layer a few drops of KI solution. (Purple 
color, probable presence of chlorate.) If there is no color, treat the 
aqueous layer left in the separating funnel by P. 106. 

If the chloroform becomes colored either before or after the addi- 
tion of KI, add to the mixture in the separating funnel enough 
HsSOs solution to reduce the halogen, draw off the chloroform layer 
if it is still in the funnel, and treat the aqueous layer by P. 106. 

Notes. — 1. As to these tests see the notes to P. 113. 

2. In the second part of the distillation chlorate or bromate, whether 
present alone or with a halide, is rapidly decomposed with evolution of CU or 
Brs. Therefore, if free halogen is found present neither in the first nor second 
distillate, it shows the absence of chlorate or bromate. The presence of Cls or 
Bn in the second distillate does not, however, necessarily indicate chlorate or 
bromate; for these halogens may be produced from the corresponding halides 
by the action of some oxidizing substance. The special test for chlorate or 
bromate described in P. 127 should therefore be tried when, and only when, 
free halogen is found in either the first or second distillate. 

Procedure iig. — Detection of Sulfate. — To the third distillate ob- 
tained upon heating with copper (P. Ill), add 1-2 cc. HCl, 3-5 cc. 
BaCl^ solution, and saturated Bra solution till the liquid becomes 
yellow. (White precipitate, presence of sulfate.) 

Notes. — 1. By the action of copper in the presence of concentrated HsPOi on 
sulfates (even on the very difficultly soluble BaS04) SQ2 is formed. This is 
oxidized by the Bi>i to H2SO4, which then precipitates as BaS04. In this way 
1 mg. SO4 may be detected. Even when this small amount is present in the 
substance, only a small proportion of it passes into the second distillate. 

2. Much HsP04 also passes over into the distillate; and the HCl is added 
to prevent its precipitation as BaHP04. Too much HCl must not be added 
since BaS04 is appreciably soluble in it. 

3. When a sulfide is present which has not already been decomposed, sulfur 
and HaS, or sulfur and SOs, may pass into the third distillate, after the acid 
has become concentrated. The H2S may be tested for in a portion of the 
distillate by P. 114. Owing to the possible formation of SOs by the oxidation 
of sulfur at the higji temperature attained at the end of the distillation, the 
test for sulfate is unreliable if sulfur, undecomposed sulfide, or SOs gas is 
present in the distilling flask at the end of the second part of the distillation. 
In that case a fresh 0.3 g. sample of the substance should be heated with 10 oc. 
2-normal HCl, the mixture filtered, and the filtrate tested for sulfate by 
adding an equal volume of BaCb solution. 
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SUBSTANCES DECOMPOSED BY COLD DILUTE ACIDS OB BY HOT CONCBN- 
TBATED ACIDS : SUPPLEICENTABY FBOCEDUBE8. 



TaBIJB XIX. — SUFFLBMaNTABT PBOOBDUBEB IOB DBTBCnNG AciDIC CONSnTUBNIB. 

Treal mmpiles of the original nibttanee as foUowt: 
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(P. 126). 


PbQi. 
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AgClOs. 
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of tube: 
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AgCL 


(Shows 


FLUOBIDB.) 




NTTHrrB.) 






(ffllOWB 


BOBATB.) 










CBLOBATB.) 



Procedure 121. — Detection of Borate. — Place 1-2 g. of the finely 
powdered substance and a few glass beads in the distilling apparatus 
used in P. Ill, pour in carefully 3 cc. 96 % HsSOi, and (unless the sub- 
stance has dissolved completely) heat for 3-5 minutes hot enough to 
cause the HsSOi to fume strongly but not to distil over. Cool com- 
pletely, pour in carefully 10 cc. methyl alcohol (CH3OH), mix thor- 
oughly, and distil off most of the alcohol, collecting it in a mixture of 
5 cc. CHsOH and 3 cc. 12-normal HCl. Cool the distillate, and add to 
it five drops of a saturated solution of tumeric in ethyl alcohol. (Red 
or orange color, presence of borate.) 

Notes. — 1. The substance, in case it is not dissolyed by the cold acid, is first 
heated strongly with the HsS04 to decompose it and liberate the HBO2 from it. 

2. In the presence of a dehydrating agent like concentrated HsSOi methyl 
alcohol reacts with boric add to form methyl borate B(OCHs)t which is a readily 
volatil liquid. The color given by turmeric to a solution of boric add in methsrl 
alcohol and strong hydrodiloric add is so intense that the test is very delicate 
if the proportions given are reproduced. The presence of 1 mg. BQi in the 
substance distilled may readily be detected. 

3. To estimate the quantity of borate present, the color may be compared 
with that given by known quantities of borate dissolved in a mixture of 5 drops 
of the turmeric solution, 3 cc. 12-normal HCl, and 15 cc. CHsOH. And in 
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any case where the quantity is so small that the orange shade is not pronounced 
the color of the distillate should be compared with that of the same mixture 
containing no borate. 

Procedure 122. — Detection of Fluoride. — ^Mix 0.2 g. of the dry, 
finely powdered substance with twice its weight of powdered KHSO4 
and with 10-20 mg. dry, finely powdered or precipitated SiOs. Blow 
a thick-walled bulb 1^2 cm. in diameter at the end of a glass tube 
of 5-8 nmi. bore. Place the mixture in the bulb (not using more of 
it than will one-third fill the bulb). Heat the bulb carefully imtil 
the EHSO4 is melted, taking care that the mixture does not froth 
up into the tube. Continue to heat the bulb and the lower part of 
the tube until there is a deposit of a solid substance or of condensed 
acid 3 or 4 cm. above the bulb. After it has cooled, cut off the tube 
close to the bulb. Dip the tube several times in water, dry it in a 
flame, and heat it strongly. (White deposit in the middle part of 
the tube and etched surface at the lower end, presence of fluobidb.) 

Notes. — 1. This test depends on the following reaotioDs: 

4HF +SiO^ -SiF4 +2H^. 
3SiF4+3H^ -H^iOk+2Ba3iFe. 

Some of the HF liberated by the molten KHSO4 volatilises and takes the silioa 
required for the first reaction from the glase^ thus producing the characteristie 
etdied surface in the lower part of the tube. The SiF| gas and the water- 
vapor liberated react in the cooler part of the tube according to the second 
equation (forming a white ring of solid silicic add and fluosilidc add, H2SiFe). 
The reaction is reversed at higher temperatures, so that the depodt may be 
driven up the tube by heating. This white deposit is the most characteristic 
part of the test for fluoride. A deposit of SOs and HsS04 may also form in the 
upper part of the tube, and might be mistaken for, or interfere with, the test 
for small amounts of fluoride, if the final wa^iing with water is omitted. This 
procedure enables 0.5 mg. F to be easily detected. 

2. The test fails with certain minerab which are not decomposed by fusion 
with KHSO4. Such cases are provided for by the treatment described in P. 131 . 

3. Fluoride is often tested for by heating the solid substance in a platinum 
crucible with HsS04 alone and detecting any HF evolved by its etching action 
on a watch glass coated with wax through which markings have been made. 
This test has the disadvantage that when silica or silicate is present, which is 
very often the case in minerals, it is unreliable owing to the conversion of the 
HF to SiFi by the reaction given in Note 1. 

Procedure 123. — Detection of Phosphate. — Heat 0.2 g. of the finely 
powdered substance with 5 cc. HNOt. Filter the mixture if it is not 
clear, and treat the filtrate by P. 104. 

Procedure 124. — Detection of Nitrate or Nitrite. — Arrange a distil- 
lation-apparatus in the way shown in the figure under P. 111. 
Place in the distilling flask 0.3 g. of the solid substance. 10 cc. 
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2-normal FeS04 solution, and 15 cc. HsS04; and place in the receiv- 
ing flask a mixture of 20 cc. water and 1 cc. NaOH solution. Distil 
till only about 5cc. remain in the distilling flask. Acidify the 
distillate with H8SO49 add 2-3 cc. chloroform, and shake (to make 
sure that the chloroform remains colorless). Then add S-10 drops of 
KI solution, and shake again. (Purple coloration of the chloroform, 
presence of nitrate or nitritb.) 

Notes. — 1. In this procedure the nitrate is reduced by the FeS04 to nitric 
oxide (NO), which passes over as a gas into the receiver, where it is oxidised 
by the oxygen of the air to HNQ2, which is then absorbed by the NaOH. When 
the solution is acidified ana KI added, Is is liberated by the HNQs. By this 
procedure 0.2 mg. NO^ or N0| can be detected. 

2. The reaction is highly characteristic for nitrates and nitrites, since other 
oxidising substances (for example, chlorin or bromin) which might liberate iodin 
from potassium iodide are reduced by the FeS04 to compounds which, even if 
they pass over into the distillate, have no action on KI. The only substances 
that may interfere are iodides and thiocyanates ; if these are present, they should 
be removed before the distillation by treating the substance with 10 cc. H2SO4, 
adding solid Ag|S04, shaking, and filtering. 

Procedure 125. — Detection of Nitrite. — To 0.1 g. of the substance 
add Ice. of water and 4-5 drops of HCl. Fill a 7-cm. test4ube 
brim-full with a 20% solution of urea in HCl; slide over it a circular 
rubber disk 20 mm. in diameter and 3 mm. thick (cut from a solid 
rubber stopper), taking care not to enclose an air-bubble; attach 
the disk firmly to the mouth of the tube by pressing them together 
for a moment; invert the tube in a 30-cc. nickel or porcelain crucible 
half -filled with more of the urea solution; and detach the rubber 
disk from the mouth of the tube with a stirring rod. Introduce the 
solution of the substance into the test-tube by means of a small tube 
which has one end closed with a rubber nipple and the other end 
drawn out and bent so as to form a small U. Take care not to intro- 
duce an air-bubble at the same time. (Formation of gas, presence 

of NITRITE.) 

Notes* — 1. The reaction between urea and nitrous add is 

CO(NH2)2H-2HNQ2 -OQ2H-2N2H-3HA 
The N2 is liberated in the form of minute bubbles which collect at the top 
of the tube. When much OQ2 is produced, it also separates as a gas; but a 
smaU quantity remains dissolved in the liquid. 

2. This procedure enables 0.1 mg. NQs to be detected. The amount of 
nitrite present may be estimated by making a comparativ test with a known 
quantity of nitrite. 

3. The mixture is acidified before it is inUxxluced into the tube so that any 
carbonate present may be expelled from it. 
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4. The halogens, chlorin, bromin, and iodin, when combined with alkali in 
the form of oxyhalides, decompose urea with evolution of nitrogen, but they do 
not do BO when dissolved in the free state in concentrated HCl. They do not 
therefore interfere with the test when carried out as above described. 

Procedure 126. — Detection of Hypochlorite. — To 0.5 g. of the pow- 
dered substance add 5 cc. water, and then HAc, a few drops at a time, 
until the solution is acid. Filter if there is much residue, add 2-3 cc. 
PbAcs solution, heat the mixture to boiling, and let it stand for ten 
minutes. (Brown precipitate, presence of HYPOCHLOBrrB.) 

NaUa, — 1. Hypochlorites are commonly met with either in alkaline solution 
or in the form of a powder (for example, in bleaching powder). Since they 
are prepared by the action of chlorin on alkali, chloride is ordinarily present 
in nearly equivalent amount. When the solid powder is treated with water, 
the hypochlorite passes into solution; and from it the unionized HCIO is 
liberated upon the addition of the more largely ionized acetic acid. Chlorin 
is also formed in such quantity as will satisfy the equilibrium-conditions of the 
reaction HClO+a^+H+^aj+HjO. When in neutralizing with HAc litmus 
paper is used, the paper will soon be bleached if hypochlorite is present; but 
the color at the first instant or on the edges of the bleached portion can usually 
be observed. 

2. This test depends upon the oxidation of the lead salt to lead dioxide 
(Pb02) by the hypochlorite. The reaction takes place so slowly in the cold that 
not less than 10 mg. CIO in 5 cc. solution can be detected at room tempera- 
ture, even if the mixture be allowed to stand a few minutes. But when the 
mixture is heated, the limit of detectability is about 0.5 mg. in 5 cc. The solu- 
tion is acidified with HAc, since oxidation does not take place in the presence 
of a strong acid, such as HNQ3. 

3. Peroxides in alkaline solution react instantaneously with lead salts, 
forming PbC^; but this reaction does not take place in the presence of HAc, 
even on boiling. Therefore in the above procedure a peroxide will not be mis- 
taken for a hypochlorite. Peroxide and hypochlorite, moreover, cannot exist 
together, since they react very rapidly with formation of oxygen. 

4. This test for hypochlorite may be made even more delicately in alkaline 
solution, provided peroxides are known to be absent. If the solution is only 
slightly alkaline, a small white precipitate of Pb(0H)2 or PbCQs is first formed; 
but this turns brown if h3rpochlorite is present when the mixture is heated and 
allowed to stand. The delicacy is of course diminished by the presence of 
a large amount of Pb(OH)s or PbCO^; but 1 mg. CIO can be detected in the 
presence of even 2 or 3 g. of these substances, provided an excess of the lead 
salt is still present in the solution and the mixture is boiled vigorously, prefer- 
ably in a casserole. 

Procedure 127. — Detection of Chlorate and Bromate. — Treat 0.3 g. 
of the powdered substance in the cold with 50 cc. water and 20 cc. 
HNO|. (If hypochlorite is present as shown by P. 126, reduce it by 
adding NaAsOj solution in excess.) Treat the mixture by the last two 
paragraphs of P. 103. 
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Procedure Z3Z. — Detection of AU the Acidic ConetUuents. — ^Treat 
two 0.3 g. samples of the powdered substance by P. 101; or treat 
a 2 g. sample of it by the first two paragri^hs of P. Ill, testing 
portions of the distillate thus obtained by P. 112-115. 

Treat 2 g. of the very finely powdered substance with 30 cc. of 
cold l-normal HNOs, filter, and wash the residue. Treat portions 
of the solution by P. 102-106. Separate the residue from the filter, 
if possible; incinerating the paper, if much residue adheres to it, in 
a spiral of platinum wire. Transfer the residue (with the ash) to a 
nickel crucible, and dry it by igniting it gently. Mix it in the 
crucible with 10-15 g. dry NasCOa. Cover the crucible, and heat it, 
preferably within a cylindrical jacket of asbestos-paper, over a power- 
ful burner for 15-20 minutes. If a perfectly clear fusion does not 
result, add more NaiCOt, and heat again. C!ool, place the crucible 
in a casserole, boil it with water till the fused mass is disintegrated, 
and filter, rejecting the residue. 

To three-fourths of the filtrate add HNOs till it is distinctly acid, 
then add 5 cc. more, filter if there is a precipitate (of silicic acid), 
and test portions of the solution for sulfate, fluoride, sulfide, halides, 
and phosphate, by P. 102, 103, and 104. 

Test the remainder of the filtrate for borate by evaporating it to 
complete dryness, adding 96% HsS04 drop by drop as long as there 
is effervescence, and treating the mixture by P. 121. 

If silicate is present, test a fresh sample of the substance for 

fluoride by P. 122. 

Notes, — 1. Fusion with Na«C03 metathesiies nearly all insoluble com- 
pounds in the way described in the Notes to P. 7. 

2. In minerals or metallurgical products undecomposed by adds, it is 
usually necessary to test only for sUicate, chloride, sulfate, phosphate, borate, 
and fluoride, since other acidic constituents are scarcely ever present. 

3. In the process of fusion changes in the state of oxidation may take place. 
Thus sulfate may be whoUy or partially reduced to sulfide, and sulfide wholly 
or partially oxidized to sulfate. These two constituents must therefore be 
distinguished by tests made with the unfufled substance, as described in the 
first part of this Procedure. 
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PREPARATION OF THE REAGENTS 



ACIDS. 



Acetic, 6-normal: Mix 350 cc. 99.5% acid with 650 cc. water. 
Hydrochloric, 12-nonnal: Use the C. P. acid of commerce of s. g. 1.19. 
Hydrochloric, &-normal: Mix 12-normal HCl with an equal volume 

of water. 
Hydrofluoric, 48 percent. : Use the pure acid sold in ceresin bottles. 
Nitric, 16-normal: Use the C. P. acid of conmierce of s. g. 1.42.- 
Nitric, &-normal: Mix 380 cc. HNO3 (s. g., 1.42) with 620 cc. water. 
Perchloric, 2-normal: Use the purest acid of commerce of s. g. 1.12. 
Phosphoric, 85 percent. : Use the C.P. acid of commerce. 
Sulfuric, 96 percent.: Use the C. P. acid of commerce of s. g. 1.84. 
Sulfuric, 6-normal : Pour 96% HsS04 into five volumes of water. 
Sulfurous, saturated: Saturate water at 20-25^ with SOs gas made 

by dropping 96% HjS04 into hot NaHSO« solution. 
Tartaric, 10 percent.: To 100 g. of the solid add enough water to 

make 1000 cc. of solution. 

BASES. 

Ammonium hydroxide, 15~normal: Use the C.P. product of s. g. 0.90. 
Anunonium hydroxide, 6-nonnal: Mix 400 cc. 15-normal NH4OH 

with 600 cc. water. 
Barium hydroxide, 0.4-normal (approximately): Shake 60 g. — of 

Ba(OH)s.8H20 with 1000 cc. water at room temperature, 

decant or filter. 
Sodium hydroxide, 6-normal: Add to 250 g. NaOH "purified by 

alcohol" enough water to make the volume 1000 cc. 

AMMONIUM SALTS. 

Acetate, 3-normal: Mix equal volumes of 6-normal HAcand 6-normal 

NH4OH; or dissolve 250 g. of the solid salt in enough water 

to make the volume 1000 cc. 
Carbonate: Dissolve 250 g. freshly powdered ammonium carbonate 

in 1000 cc. 6-normal NH4OH, and filter if there is a residue. 
Chloride, 1-normal: Add to 54 g. NH4CI enough water to make the 

volume 1000 cc. 
Molybdate: Dissolve 75 g. of the pure ammonium molybdate of 

commerce in 500 cc. water, pour the solution into 500 cc. 

6-normal HNOs, and shake the mixture occasionally till the 

precipitate is dissolved. 
Monosulfide, 6-normal: Pass HsS gas into 200 cc. 15-normal NH4OH 

in a bottle immersed in running water or in iced water until 

the gas is no longer absorbed; then add 200 cc. 15-normal 

NH4OH and enough water to make the volume 1000 cc. 
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QzilAte, 0.5 nomud: Dissolve 35 g. (NH4)tCt04.H^ in 1000 cc. water. 

Polysulfide, ff-nomiAl: Digest one liter of ammonium mcMiosalfide 

with 25 g. flowers of suHkir for some hoars and filter. 



Nmm^iSdH 

Barimn chloride 
Cadmium nitrate 
Caldum chloride 
Calcinm sulfate 
Cobalt nitrate 
Copper sulphate 
Ferric chloride 
Lead acetate 
3if ercuric chloride 
Potassium chromate 
Potassium cyanide 
Potassium ferricyanide 
Potassium ferrocyanide 
Potassium iodide 
Potassium nitrite 
Potassium permanganate 
Potassium thiocyanate 
Silver nitrate 
Sodium acetate 
Sodium arsenite 
Sodium carbonate 
Sodium nitrite 
Sodium phosphate 



OTHEB SALTS. 
Fanmda and 



BaCls.2H,0(244) 

Cd(NQ,),.4H,O(308) 

CaCI,.6H,0(219) 

CaS04.2H,0(172) 

Co(NQ,),.6H,0(291) 

CuSO4.5HsO(250) 

FeCl,.6H,O(270) 

Pb(CH,0,),.3Hrf)(379) 

HgCl, (271) 

K,Cr04 (194) 

KCN (65) 

K,Fe(CN)i (329) 

K4Fe(CN)i.3H,0(422) 

KI(166) 

KXO, (85) 

KMn04 (158) 

KSCN (97) 

AgNO, (170) 

NaCH,Q,.3H,0(136) 

NaAsO, (130) 

NaiCO, (106) 

NaNO,(69) 

NatHP04.12H,0(358) 



intiom per UUt 



l-aonnal 


120 


l^iormal 


150 


l-normal 


110 


saturated 


2 


1% cobalt 


50 


l-normal 


125 


l-normal 


90 


l-nomial 


190 


0.2-noniial 


25 


3-normal 


290 


l^iormal 


65 


l-normal 


110 


l-normal 


105 


0. l-normal 


17 


3-normal 


250 


1-per cent. 


10 


l-normal 


100 


l-normal 


170 


l-normal 


135 


l-normal 


130 


3-normal 


160 


3-normal 


210 


l-normal 
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SPECIAL REAGENTS. 

Bromin, saturated solution: Shake liquid bromin with water, leaving 
a small excess of it in contact with the solution. 

Ether saturated with HCl: pass dry HCl gas into a bottle of ether 
inmiersed in water kept at 10-15^, until a 3 cc. portion of 
the reagent placed in a test-tube immersed in cold water 
forms a homc^neous liquid (not two layers) when 3 cc. 
4-normal HCl are gradually added to it from a dropper. 

Ferrous sulfate, 2-normal: Dissolve 280 g. FcSOi-THsO in 0.0-normal 
HsS04> and keep in contact with iron nails. 

Hydrogen peroxide, 3 per cent. 

Magnesium ammonium chloride, l-normal in MgCU: Dissolve 100 g. 
MgCls.6HsO and 100 g. NH4CI in water, add 50 cc. 15- 
normal NH4OH, and dilute to 1000 cc. 

Potassium mercuric iodide, 0.5 normal in EiHgli: Dissolve 115 g. 
Hgis and 80 g. KI in enough water to make the volume 500 
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cc. ; add 500 cc. &-nonnal NaOH ; and decant the solution from 

any precipitate that may form on standing. Keep this stock 

solution in the dark. 
Potassium pyroantimonate: Add 20 g. of the best commercial salt to 

1000 cc. boiling water, boil for a minute or two till nearly all 

the salt is dissolved, quickly cool the solution, add about 

80 cc. 10% KOH solution, and filter. 
Sodium cobaltinitrite : Dissolve 250 g. NaNOs in 500 cc. water, add 

150 cc. 6-normal HAc and 25 g. Co(N03)s.6HsO, let the 

mixture stand over night, filter or decant the solution, and 

dilute it to one liter. 
Stannous chloride, 1-normal: Dissolve 115 g. SnCls.2HsO in 170 cc. 

12-normal HCl, dilute to 1000 cc, and keep in bottles 

containing granulated tin. 
Starch and potassium iodide: Rub 20 g. starch to a thin paste with 

a little water in a mortar, and pour the paste into 1000 cc. 

boiling water. Boil for five minutes, and pour the liquid 

through a funnel plugged loosely with cotton wool. Add to 

the filtrate 10 g. KI and 5 cc. chloroform. 
Turmeric: Shake turmeric powder with 95% alcohol and filter. 
Urea: Dissolve 200 g. urea in 1000 cc. 6-normal HCl. 



SOLID REAGENTS. 



Beads (glass). 

Bismuth dioxide (sold also 

sodium bismuthate). 
Borax (anhydrous). 
Calciiun chloride (dry lumps). 
Copper (turnings). 
Ferrous sulfate (powder). 
Lead (finely granulated). 
Potassium chlorate (powder). 



as 



Potassium hydrogen sulfate. 
Potassiiun nitrate. 
Silica (precipitated). 
Silver sulfate. 

Sodiiun carbonate (anhydrous). 
Sodium peroxide (in 4 oz. cans). 
Tin (finely granulated). 
Zinc (finely granulated). 



SOLVENTS. 



Chloroform. 

Ethyl alcohol (95%). 

Methyl alcohol (acetone-free). 



PREPARATION OF THE TEST-SOLUTIONS. 



Of the powdered salt ^oee formula is pven in the middle column of the fol- 
lowing table weigh out the number of grams given in the last column, and add 
enough water (or add when so stated in the foot-note) to make the volume one 
liter. To prepare the testHrolutions, dilute these stock solutions, which contain 
100 mg. of the constituent per cubic centimeter, with nine times the volume of 
distilled water. In a few cases (indicated by the letter H) where the substance 
is not sufficiently soluble, the stock solution is made up so as to contain 50 mg. 
of the constituent per cubic centimeter and must be diluted with four times its 
volume of water to jrield the test-solution. — Since these solutions serve also 
for the preparation of the "unknown solutions," the purest salts that can be pur- 
chased should be employed. 



vmU 



^ 



Hg(0U8) 

Hg(ic) 

Bi 

Cu 

CM 

AsCous) 

AsCic) 

Sb 

Sn(ou8) 

Sn(ic) 

Al 

CO, 

so< 
S04 

CIO 

s 

CN 
NO, 
CrO* 
F 



Formula Granu 

ofaaiU ■ptrUter 

AgNOt 160 

Pb(NO,), 160 

HgNO,.H,0 140(a) 

Hg(NO,), 160(o) 

Bi(N0i),.5H,0 230(6) 

Cu(N0,),.3H,0 380 

Cd(NO,),.4H.O 275 

AsiOt 13(c) 

AstOi 150 

SbCU 190(d) 

SnCl,.2HsO 190(e) 

SnCU.3H,0 270(e) 

A1(N0,)..9H,0 700H 

NatCO, 180 

NatSOi 160 

Na»S04 75H 

NaOCl . . . (ff) 

Na,S.9H,0 375H 

KCN 250 

KNO, 185 

K,Cr04 170 

HF ...(A) 



CoiuUl- 
vent 

Cr 

Zn 

Fe(ous) 

Fe(ic) 

Mn 

Ni 

Co 

Ba 

Sr 

Ca 

Mg 

Na 

K 

CI 
Br 
I 

SCN 

NO, 

CIO, 

PO4 

PO4 



Formula 
oftalt 

CrCl,(50%Bol'n) 

Zii(NO,), 

FeS04.7H,0 

Fe(N0,),.9H,0* 

Mn(N0,),.6H,0 

Ni(N0,).6H,0 

Co(NO,),.6H,0 

BaCl,.2H,0 

Sr(NO,), 

Ca(N0,),.4H,0 

Mg(N0,),.6H,0 

NaNO, 

KNO, 

KCl 

KBr 

EI 

KSCN 

KNO, 

KCIO, 

Na,HP04.12H,0 380 

Ca,(PO«), 160(6) 



Oramt 

per IHtr 

610 

290 

250H(/) 

715 

530 

500 

500 

180 

240 

590 

530H 

370 

260 

210 
150 
130 
170 
165 
75H 



(a) DiaolT. in ae-Donnal HNOt. (6) DiaolT. in S-normal HNOi. 

(c) Disert wHh too oo. 13-nannal HCl; dun mM tOO oo. water, yieldinc the tMt-aolution o( AaCi 
wmta^irfng 10 id8> A, per eubio oentimeter. 

(d) Dinolra in O-normal HCl; and, in makinc the test^olution, dilute with S-nonnal HO. 
(«) DiMolva in O-normal HCl. 

(/) Di<M>lve in l-normal B1SO4, and keep in eontaet with iron naib. 

(9) To 000 ee. of the 8)% aolution al oommeree add 450 ce. water, yieldinc th. teet ■ohiBo. 
wmtaining 10 mg. CIO per cubic oentimettf * 

(k) To pnpan the teet-edution containing 10 mg. P per cubic centimeter, mix 17 ee. 48% HF 
and 1000 oc water and keep in cemin bottle*. 
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UNKNOWN SOLUTIONS. 

Tbe '' unknown Boluti(»i8 '' 9ven to the student should ooDtain ^ 
to be tested for in quantities which are definitly known by the instructor. As 
a rule they may well contain in 10 co. 300 mg. of one of the oonstituents, 30 mg. 
of another of the constituents, and 3 mg. of each of two or three of the remaining 
constituents of the group in question. Such soluti(»)s may be conveniently 
prepared in advance by mixing in a 250 cc. bottle 60 cc. of the stock solution 
of the first constituent (or 120 cc. if it is half-strength as shown by an H in the 
taUe), 6 CO. of the stock solution of the second constituent (or 12 cc. if half- 
strength), and 6 cc. of the test-solutions of the other constituentSi and diluting 
with enou^ water to make the volume 200 cc Of these ''unknown solutions" 
just 10 cc. should be given out to each student for analysis. When time permits 
two unknowns being done on any group, the second may well contain only 2 mg. 
of some of the constituents. 



APPARATUS REQUIRED. 



Returnable. 

4 Lipped Beakers, 120 cc. to 500 cc. 
2 Casseroles, 50 cc. 
2 Casseroles, 100 cc. 
2 Casseroles, 200 cc. 
1 Conical Flask, 30 cc. 
4 Conical Flasks, 75 cc. 
4 Conical Flasks, 200 cc., with 1 two- 
hole rubber stopper. 

1 Conical Flaak. 500 cc. 

2 Jena Round-Bottom Flasks, 100 cc. 
with 1 two-hole rubber stopper. 

1 filter Flask, 500 cc., with a one-hole 

rubber stopper. 
1 Flat-Bottom Flask, 750 cc, with a 

two-hole rubber stopper. 
1 Flat-Bottom Flask, 250 cc, with a 

two-hole rubber stopper. 

3 Funnels, 2.5 in. 
1 Funnel, 2 in. 

1 Thistle-Tube. 

4 Watch-Glasses, 3 cm. 

2 Watch-Glasses, 7 cm. 
2 Watch-Glasses, 10 cm. 
12 Test-Tubes, 15 cm. 

6 Test-Tubes, 7 cm. 

1 Separating Funnel, 100 cc. 

1 Graduate, 10 cc. 

1 Graduate, 50 cc. 

1 Nickel Crucible, 30 cc. 

1 Porcelain Mortar and Pestle. 

1 Desk Key. 

1 Gas Burner (Tlnill). 

1 Lamp-Stand and Rings. 

1 filter Stand. 

1 Test-Tube Rack. 



Not RetvamMe. 

12 Hardened Filters, 5.5 cm. 

1 Pkg. filters, 7 cm. 

1 Pkg. filters, 9 cm. 

1 Iron Wire-Gauze, 12x12 cm. 

1 Box Labels. 

1 Note-Book. 

1 Piece Platinum Foil, 2 cm. x 1 cm. 

1 Piece Platinum Wire, 10 cm. 

1 Horn Spoon (bowl 1 cm. long). 

1 Piece Glass Rod, 50 cm. long. 

1 Sponge. 

2 Towds. 

1 Nichrome Triangle. 

1 Rece Rubber Tubing, 60 cql long, 

6 mm. bore. 
1 Piece Rubber Tubing, 60 cm. long, 

4.5 nmL bore. 

1 Rubber Nipple. 

2 Reces Glass Tubing, each 75 cm. 
long, 4 mm. bore. 

1 Rece Hard-Glass Tubing, 50 cm. 

long, 6 mm. bore. 
1 Tube Blue Litmus Paper. 
1 Tube Red Litmus Paper. 
1 Box Matches. 
1 Triangular file. 
1 Screw Clamp. 
1 Test-Tube Brush. 
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IONIZATION VALUES. 



The following table shows approxiinately the percentage of the substance 
which is dissociated into its ions in 0.1 normal solution at 25^. In the case of 
the dibasic acids the value oppodt the formula of the add shows the percentage 
of the first hydrogen that is dissociated, and that oppoeit the acid ion (HA-) 
shows the percentage of it dissociated (into H+ and A^ for the case that these 
two ions are present in equal quantities). 

Salts of type B+A" {e. g., KNOj) 84% 

Salts of type B+iA" or B+^A", (e. g., K28O4 or BaClj) 73 

Salts of type B+|A- or B+^+A-, (e. g., K»Fe(CN)e or AlCU) 65 

Salts of type B-^A- (e. g., MgSOO 40 

KOH, NaOH 90 

Ba(OH), 80 

NH4OH 1 

HCl, HBr, HI, HSCN, HNOs, HCIO,, HCIO4, HtSd, HiCrO*.. .90 

H1PO4, H,As04, HaSOs, H,C204, HSO4- 20-45 

HNO,, HF 7-9 

HAc, HCJO4-, HSOs" 1-2 

HiS, H,CO,, H,P04-, HCr04- 0.1-0.2 

HBO,, HAsO,, HCN, HCOr 0.002-0.008 

HS-, HPO4- 0.0001-0.0002 

HOH 0.00,000,02 
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ATOMIC WEIGHTS OF THE COMMON ELEMENTS. 



Aluminum Al 

Antimony Sb 

Arsenic As 

Barium Ba 

Bismuth Bi 

Boron B 

Bromin Br 

Cadmium Cd 

Calcium Ca 

Carbon C 

Chlorin CI 

Chromium Cr 

Cobalt Co 

Copper Cu 

Fluorin F 

Gold Au 

Hydrogen H 

lodin I 



27.1 

120.2 
74.96 

137.37 

208.0 
11.0 
79.92 

112.40 
40.07 
12.00 
35.46 
52.0 
58.97 
63.67 
19.0 

197.2 
1.008 

126.92 



Iron Fe 56.84 

Lead Pb 207.10 

Magnesium Mg 24.32 

Manganese Mn 54.93 

Merciuy Hg 200.6 

Molybdenum Mo 96.0 

Nickel Ni 58.68 

Nitrogen N 14.01 

Oxygen O 16.00 

Phosphorus P 31 .04 

Potassium E 39. 10 

Silicon Si 28.3 

SUver Ag 107.88 

Sodium Na 23.00 

Strontium Sr 87.63 

Sulfur S 32.07 

Tin Sn 119.0 

Zinc Zn 66.37 



SOLUBIUTIES OF SUGHTLT SOLUBLE SUBSTANCES. 



The numbers in the tabte show the solubility in milli-equiyalents per liter at 
20^. The letters y.8. (very solubte) denote a greater solubility than 1-normaL 
In the case of the carbonates the values have been corrected for hydrolysis so as 
to correspond to the ion-concentration product in the saturated sdution. — ^For 
a general statement in regard to the sombilities of other substances, see Note 9, 
page 31. 





Mg 


Ca 


Sr 


Ba 


Pb 


Ag 


Chloride 


v.s. 


v.s. 


v.s. 


V.8. 


70. 


0.01 


Bromide 


V.S. 


V.8. 


V.8. 


V.S. 


45. 


0.0005 


Iodide 


V.S. 


V.S. 


V.S. 


V.S. 


2.6 


0.00002 


Thiocyanate 


v.s. 


V.8. 


V.8. 


V.8. 


28. 


0.0008 


Sulfate 


v.s. 


30. 


1.6 


0.02 


0.28 


50. 


Chromate 


v.s. 


60. 


12. 


0.03 


0.0003 


0.16 


Carbonate 


20. 


0.2 


0.2 


0.2 


0.0004 


0.2 


Hydroxide 


0.3 


45. 


130. 


450. 


0.2 


0.18 


Fluoride 


2.8 


0.4 


1.9 


18. 


5. 


V.8. 


Oxalate 


5. 


0.09 


0.5 


0.8 


0.012 


0.24 


Phosphate 


— 


0.7 




— 


0.001 


0.05 
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INDEX 



In this index the figures in blaok-faoe type refer to the Procedures and the 
figures after them in ordinary type refer to the Notes. Figures in italics pre- 
ceded by the letter p refer to page numbers. 



AcBiATBB, solubility, a, 9. 
Acidic ooDstituents 

general discussion, p. 94. 

fist of, p. 94' 

procedures, 100-131. 

tabular outlines, p. 97 , 98, 100, 104, 
107, 110, 119. 
Alkali-group 

analysis, procedures, 91-95. 

analysis, tabular outline, p. 87 
Alkaline-earth 

chromates, solubility, 82, 1, 2. 

elements, separation from iron-group, 
65; 66. 

group analysis, procedures, 81-89. 

group anaqrsis, tabular outline, p. 81. 

phosphates, solubility, 51, 6. 

salts, solubility, p. 124- 
Alloys 

action of acids, 3. 6, 9; 4, 3. 

preparation of solution, 3; 4; 4, 3, 4. 

pulverization, 3, 5. 

quantity taken for analysis, 3, 5. 

residue from acid treatment, 3, 6, 7, 9. 
Aluminum 

detection, 51, 2, 5; 53; 54. 

separation from chromium and sine, 53. 

testing of reagents for, 53, 2. 
Aluminum-group 

analysis, procedures, $3-57. 

analysis, tabular outlmes. p. 66, 71. 

hydroxides, behavior witn ammonium 
hydroxiae, 51, 4. 

hycfroxides. behavior with sodium 
hydroxiae, 52, 3. 

hydroxides, color, 51, 2. 

separation from other groups, 51 ; 52. 
Ammonium 

decomposition, 93, 2. 

detection, i, 4; 96. 

monosulfide reagent, 22, 2. 

phosphomolybdate, 63, 2; 104, 1, 2. 

polysulfide reagent, 22, 2. 

salts, solubility, 2, 9. 

salts, volatilization, i, 4; 91, 2. 

sulfide, reactions with aJuminum and 
iron groupH, 51, 8. 

sulfide, reactions with copper and tin 
groups, 22, 3, 5. 
Amphoteric substance 

definition, 36, 1. 

examples, 36, 1; 51, 4. 



Antimony 
detection, 3. 7; 12; 21, 2; 44; 45; 99* 
distinction from arsenic, 45, 3; 99, 2. 
distinction from copper and mercury, 

45>1- 
hydrolysis of salts, 2, 9. 

oxychloride. 12, 5. 

separation from silver, mercury, lead, 
12. 

separation from tin, 44. 

solubility, 3, 6. 

sulfo-salts, 22, 3. 
Apparatus 

care of platinum, ^, 5. 

for hydrofluoric acid solutions, 5, 5. 

required, p. 1^2. 
Aqua regia, properties, 4, 1. 
Araenates 

distinction from arsenites. 98, 2. 

reaction with hydrogen sulfide, 43, 2, 3. 

separation from arsenites, 98, 3. 

solubility, 2, 9. 
Arsenic 

detection, i, 4; 2Z, 2; 42; 4^: 99. 

determination of state of oxidation, 98. 

distinction from antimony, 99, 2. 

reaction with hydrogen sulnde, 4^9 2, 3. 

separation from antimony and tm, 41. 

sulfo-salts, 22, 3. 

volatility of compounds, i, 4; 42, 2; 
98,2. 
Arsenites 

distinction from arsenates, 98, 2, 3. 

solubilityy 2, 9. 
Atomic weights, table, p. 124- 

Barhtm 
detection, 82 ; 83. 
flame-color, 83, 1. 

fluoride, distinction from calcium flu- 
oride, 102, 2. 
fluoride, solubilit^r, p. 124- 
hydroxide, reaction with halogens. 

Illy 3. 

hydroxide, solubility, 52, 7; p. I24. 
salts, solubility, Z02, 1; zzi, 3, 4; p.124. 
separation from calcium, strontium, 

magnesium, 82. 
sulfate, distinction from lead sulfate, 

sufiate,' solubility, 5, 6; Z02, 1; p. 124. 
Basic acetate precipitation, 65; 65, 2, 3. 
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INDEX. 



Bade constituents 

general discussion, p. 41. 

procedures, 11-99. 

separation into groups, p. 4^. 

tabular outlines, p. 4i, 4S, 47, S4, 60, 
65, 71, 74, 78, 81, 86. 
Bismuui 

detection, 12; ai, 2; 35; 36. 

hydrolysis of salts, 2, 9. 

ozychloride, formation, 12, 4. 

ozychloride. solubility, 12, 6. 

s^)aration trom copper and cadmium, 
35. 

separation from silver, mercury, lead, 

13. 

Borates 

detection, 2, 6; 83, 1; lai. 

efifect on alkali-group analysis, 92, 3. 

flame-color, 83, 1. 

phosphoric-acid distillation, iii, 2. 

solubility, a, 9. 
Bromates 

detection, loi; 103; 113; 118; 127. 

distinction from chlorates, 103, 5. 

reaction with bromides, ziz, 4. 
Bromides 

detection, Z03; zo6; iz6; zz8. 

oxidation by permanganate, 106, 1, 2. 

phosphoric-acid distillation, zzi, 2. 

reaction with bromates, ziz, 4. 

reaction with hypobromites, ziz, 4. 

separation from chlorides and iodides, 
106. 

solubility, 2, 9; p. 124. 
Bromin 

detection, 113. 

distribution between water and chloro- 
form, 1x3. 3. 

formation from acidic constituents, 
lox, 2. 

reaction with barium hydroxide, zzz, 3. 

CADiaUM 

detection, 31, 2; 38. 
distinction from copper, 37, 1. 
formation of complex anions, 38, 3. 
formation of complex cations, ^5, 2. 
reaction with ammonium hydroxide, 

35f2. 
separation from lead and mercury, 

Calcium 
detection, 83, 1; 86; 87. 
flame-color^ 83, 1. 

fluoride, distinction from barium flu- 
oride, Z02, 2. 
fluoride, solubility, p. 124^ 
oxalate, solubility, 87, 1; p. 124* 
salts, solubility, p. 124» 
separation from magnesium, 86. 
sulfate, solubility, 87, 1; p. 124- 



Carbonates 

detection^ i, 4; 2, 6, 7; loz; izz; 112 

phosphonc-acid distillation, zii, 2. 

separation from sulfites, Z12, 2. 

solubility, a, 9; p. 124* 
Chlorates 

detection, z.4; zoz; 103; 113; z 18; Z27. 

distinction from bromates, Z03. 5. 

phosphorio-acid distillation, zzz, 2. 

solubility, a, 9. 
Chlorides 

detection, Z03; zo6; zz6. 

oxidation by permanganate, zo6y 1, 2. 

phosphoric-acid distiOation, 11 z, 2. 

reaction with Imxxshlorites, zzz, 4. 

separation from bromides and iodides, 
Z06. 

solubility, 2, 9; p. I24. 
Chlorin 

formation from acidic constituents, 
zoz, 2. 

reaction with barium hydroxide, z z z, 3. 
Chromates 

detection, 2z, 6; zoa. 

solubility, 8a, 1; p. 124, 
Chromium 

detection, 6, 1; 5z, 2; 5z, 5; 55; 56. 

formation of complex cations, 5z, 4. 

separation from sine, 55. 
Closed-tube test 

procedure, z. 

mterpretation of results, z, 2, 3, 4. 
Cobalt 

detection, z, 2; 5z, 2; 52, 1; 66; 68; 70. 

formation of complex cations, 5z, 4. 

separation from nickeL 68. 

separation from sine, 07. 

separation from nic]i»l and sine, tabu- 
lar outline, p. 78. 

sulfide, solubility, 5a, 1; 67, 3. 
Common-ion effect, principles, zz, 6. 
Copper 

chloride (cuprous)^ distinction from 
mercurous chloride, 32, 1. 

detection, z, 2; 2Z, 2; 23, 5; 35; 37; 

83,1. 
distmction from cadmium, 37, 1. 

distinction from nickel, 37, 2. 

flame-color, 83, 1. 

formation of complex anions, 38, 2. 

formation of complex cations, 35, 2. 

reaction with ammonium hydroxide 

35f 2. 
separation from bismuth, 35. 
Copper-group 
analysis, procedures, 3Z-38. 
analysis, tabular outline, p. 64- 
separation from tin-group, prooeduroB 

2z; aa. 
separation from tinrgroup, tabular 

outl^e, p. 47. 
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Copper-group 
sulfides, behavior with ammonium 

sulfiae, 22, 5. 
sulfides, color, ai, 2. 
sulfides, effect of acid on precipitation, 

21,4. 

Cyanides 
detection, 2, 5, 6. 7; 103; 107; 1x5; xi6. 
forms in which found. 107, 3. 
phosphoric-acid distillation, iii, 2; 

115, 1. 
separation from ferricyamdes and 

ferroc3ranides, 107, 4. 

Distillation 
with phosphoric acid, iii; iii, 1. 
behavior of acids, 11 x, 2. 

Equations, method of balancing, 2x, 7. 
Equivalent, 

definition^ xx, 4. 

metathetical, xx, 4. 

oxidation, xx, 4. 
Evaporation, manipulation, 5, 3; X2, 2. 

Ferrictanides 
detection, X07, 5, 6. (See also cyan- 
ides) 
phosphoric-acid distillation, xxx, 2; 

"5. 1. 
reactions with iron salts, 107, 5. 
separation from ferrocyanides, X07, 6. 
Fenocyanides 
detection, X07, 5, 6. (See also cyan- 
ides) 
phosphoric-acid distillation, 11 x, 2; 

X15, 1. 
reactions with iron salts, X07, 5. 
separation from ferricyanides, X07, 6. 
Filtration by suction, 23. 1. 
Flune-colors of various elements, 83, 1. 
Fluorides 
detection, 102; 122; X22, 3. 
effect on analysis of aluminum and 

iron groups, 51, 7. 
phosphoric-acid distillation, 11 x, 2. 
solubility, -p. 12J^. 
Fluosihcic acid, properties, X22, 1. 

Gold, proof of absence, 3, 9. 
Graphite, detection, 4, 3. 

Htdrochloric acid 

preparation of gaseous, 94, 2. 

properties, 3, 4; 4, 1. 
Hydrofluoric acid, properties, 5, 1, 4, 5. 
Hydrogen-ion, sources^ 2, 6. 
Hydrogen sulfide, precipitation by, ax, 4. 
Hydroxide-ion, sources, 2, 6. 
Hydroxides 

detection, 2, 5, 6. 

solubility, 2, 9; p. I24. 
Hypobromites, reaction with bromides, 
III, 4. 



Hypochlorites 
detection, xoi; 113; 126. 
distinction from peroxides, X26, 3. 
phosphoric-acid distillation, xxx, 2. 
reaction with chlorides, xxx, 4. 
reaction with peroxides, 126, 3. 
sources, 126, 1. 

I0DATE8, reaction with iodides, xxx, 4. 
Iodides 
detection, x, 4; 3, 1; xox; X03; xo6; 

xx6; xx8. 
oxidation by permanganate, xo6, 1, 2. 
phosphoric-acid distillation, xxx, 2. 
reaction with iodates, xxx, 4. 
separation from bromides and chlo- 
rides, X06. 
solubility, 2, 9; p. 12^. 
lodin 
detection, x, 4; 1x3. 
distribution between water and chloro- 

form^ XX3, 3. 
formation from acidic constituents 

xox, 2. 
reaction with barium hydroxide, x x x, 3. 
Ionization 
method of indicating, p. 2. 
values, table, p. 12S, 
Iron 
detection, 2x, 6; 51, 5; 64; 65. 
determination of state of oxidation, 

ai, 6; 97: 97, 3. 
oxidation of compounds, 5x, 2: 97, 2. 
separation from cobalt, nickel, sine, 
64; 65. 
Iron-group 
analysis, procedures, 6X-70. 
analysis, tabular outlines, p. 7^, 78. 
hydroxides, color, 5x, 2. 
reaction with ammoniima hydroxide, 

51,4. 
reaction with sodium hydroxide, 

5a, 3. 
separation from aluminum-group, pro- 
cedures, sx ; 52. 
separation from aluminum-group, tab- 
ular outline, p. 66. 
sulfides, color, 51, 9. 

Lbad 

chloride, solubility, xx, 5; xa, 3; p. /f^ 

detection, 13; 2 x, 2; 33; 34. 

formation of complex anions, xa, 3. 

salts, solubility, p. 12^. 

separation from cadmium, 38, 5. 

separation from bismuth, cadmium, 
copper, 33. 

separation from mercury and silver, X3. 

sulfate, distinction from barium sul- 
fate, 34, 1. 

sulfate, solubility, 4, 1; 5, 6; 31, 6; 
33> 1; 34> 2; p. m. 
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ammonium arsenate, properties, 42. 4. 

ammonium phosphate, properttes, 88,1. 

detection, 83; 89. 

salts, solubility, p. t24. 

separation from calcium, 86. 
Manganese 

detection, 61 ; 63. 

separation from cobalt, iron, nickel, 
sine, 61. 

sulfide, color, "^z, 9. 

sulfide, oxidation, 51, 9. 
Mercury 

determination of state of oxidation, 97. 

salts, hydrolysis, 2, 9. 

salts, solubinty, a, 9. 

salts, volatilit>r, z, 4. 
Merciuy (mercuric) 

detection, i,4;2z,2;33,5;32. 

distinction from mercurous, 97. 

formation of complex anions, 12, 3. 

separation from oismuth, cadmium, 
copper, lead, 3Z. 

separation from cadmium, 38, 5. 

sulfide, solubility, 4, 1; 3Z, 1, 3. 
Mercury (mercurouE) 

chloride, distinction from cuprous 
chloride, 32, 1. 

chloride, reaction with ammonium 
hydroxide, 1^ 2. 

chloride, solubility, 2, 9; 12, 3. 

detection, z, 4; Z4. 

distinction from mercuric, 97. 

separation from silver, Z4. 
Minerals, acidic constituents in, Z31, 2; 
p. 96. 

Nickel 

detection, z, 2; 51, 2; 52, 1; 66; 68; 69. 

distinction from copper, ^7, 2. 

formation of complex cations, 5z, 4. 

separation from cobalt, 68. 

separation from zinc, 67. 

separation from cobalt and zinc, tab- 
ular outline, p. 78, 

sulfide, solubility, 52, 1 ; 67, 3. 
Nitrates 

detection, z. 4; Z24. 

distinction from nitn|;es, Z25. 

phosphoric-acid distillation, zzz, 2. 

separation from iodides and thiocyan- 
ates, Z24, 2. 

solubihtv, 2, 9. 
Nitric acid, properties, 3, 4. 
Nitrites 

detection^ z, 4; zoz; IZ3; Z24; 125. 

phosphonc-acid distillation^ izz, 2. 

reaction with potassium iodide, zoi, 2; 
zz3,8. 

reaction with urea, Z25, 1. 

solubility, 2, 9. 



Note-book records 
experimental operations, p. 2. 
results of analyses, p. 4* 

ObOANIC MATTBB 

detection, i ; z, 2. 

effect on analysis, z, 1. 

removal, 8. 
Oxalates 

detection, i, 4. 

solubility, p. tt^. 
Oxidation-state 

of arsenic, detenmnation, 98. 

or iron, determination, 97. 

of mercury, determination, 97. 

of sulfur, ^ect of fusion, Z31, 3. 

of tin, determination, 97. 

Pbrchloric acid, properties, 92, 3; 94, 3. 
Permanganates, detection, 21, 6. 
Peroxides 

detection, z. 4; Z26, 3. 

distinction from hypochlorites, za6, 3. 

reaction with hypochlorites, Z26, 8. 
Persulfides, detection, z, 4. 
Phosphates 

detection, 2. 6: 63; Z04; Z2^. 

effect on alkali-g^up analysis, 92, 3. 

effect on analysis of aluminum and 
iron groups. 5z, 6; 52, 8. 

solubility, 2, 9: 5z, 6; p. I24, 
Phosphoric acio, properties, zoo, 1; 

zzz, 2. 
Phosphoric-acid distillation 

behavior of acidic constituents, zzi, 2. 

procedures, ZZZ-ZZ9. 

tabular outlines, p. W4, 107, 110, 
Platinum 

apparatus, use of, 5, 5; 7, 5. 

proof of absence, 3, 9. 
Potassium 

cobaltinitrite, constitution, 70, 1. 

cobaltinitrite, solubility, 70, 2. 1 

detection, 92; 93. 

salts, solubility, 2, 9. 

separation from sodium, 92. 
Precipitates 

igmtion, 5, 2. 

production, 42, 4. 

solution, Z2, 1; 22, 1. 

washing, 2Z, 1. 

QuANTiTATiv estimation of constituents, 
p. 4. 

Reaction-rate, principles, zo6, 1, 2. 
Reagents 

concentration, zz, 3; p. 117-119. 

definition, p. 41- 

manipulation, zz,'2; Z4, 1; 23, 2. 

preparation, p. 117-119. 

required, p. 117-119. 
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SlUCA 

detection, 5< 

presenoe as impurity. 5, 4; 53, 2. 
Silicatee, detection, a, 5; 3, 2; 5. 
Silicic acid, propertieB, 3, 2; 122, 1. 
Silicon fluonde 

properties, 5, 4. 

reaction with water, zaa, 1. 
Silver 

chloride, reaction with ammonium 
li^droxide, 14^ 3. 

chloride, solubihty, 4, 1; za, 3; p. 124, 

detection, a, 5; 14; 15. 

formation of complex anions, la, 3; 
103, 2. 

formation of complex cations, 14, 3. 

salts, solubility, 103, 2; p. I24, 

8^)aration from merciuy, 14. 
Silver-group 

analysis, procedures, 11-15. 

analysis, tabular outline, p. 4S, 
Sodium 

bismuthate, constitution, 62, 3. 

carfwnate, fusion with, 7; 7, 1. 

detection, 94; 95. 

hydroxide, reaction with aluminum 
and iron groups, 52, 3. 

hydroxide, tests for impurities, 53, 2. 

peroxide, reaction with aluminum and 
iron ^ups, jp, 4. 

peroxide, tests tor impurities, 53, 2. 

pyroantimonate, distinction from other 
pyroantimonates, 95^ 2. 

pyroantimonate, physical properties, 

salts, solubility, a, 9. 
s^)aration from potassium, 92. 
stannite, amphoteric properties, 36, 1. 
stannite, preparation, 36, 1. 
stannite, reducing power, 36, 2. 
Solubihty 
generu statement, 2, 9. 
of slightly soluble substances, table. 

Solubility-product, defimtion, zz, 6. 
Solution, preparation for analjrsis, 2-8. 
Solvents 

required, p. 119, 

treatment with, 12, 1; 22, 1. 
Strontium 

detection, 83, 1; 84; 85. 

flame-color, 83, 1. 

salts, solubihty, p. 124, 

separation from calcium and mag- 
nesium, 84. 

sulfate, solubihty, 4« 1; St 6; p. 124. 
Sulfates 

conversion into carbonates, 6, 1. 

detection, Z02; zz9. 

effect on alkali-group analysis, 92, 3. 

effect of fusion, Z3z , 3. 



Sulfates 

reduction, zzz, 6; Z3Z, 3. 

solubihty, a, 9; p. 124. 
Sulfides 

detection, z, 4; a, b. 6, 7; 3, 1; Z03; 
zzz; zza; ZZ4; zzo. 

effect of fusion, Z3Z, 3. 

phosphoric-acid distiUation. zzz, 2. 

reaction with sulfites, zoa, 4. 
Sulfites 

detection, z, 4; a, 7; zoa; zzz; iza. 

distinction m>m thiosulfates, zza, 1. 

oxidation, ZZ2^2. 

phosphonc-acid distillation, ziz, 2. 

reaction with sulfides, 102^ 4. 
SulfoHsalts 

of tin-group, formation^ 22, 3. 

of tin-group, reaction with acids, 23, 3. 
Sulfur 

detection, z, 4; a, 5; zzz; zzz, 3; zza. 

Uboution from sulfides, 3, 1. 

TieTvsoLunoNB 

concentration, p. 2.120. 

preparation, p, 120. 
Thiocyanates 

detection, Z03; zo^; zz6{ ZZ7. 

phosphonc-acid distillation, zzz, 2. 

solubihty, 2, 9; p. 124* 
Thiosulfates 

detection, a. 7; zoz; zzz; zza. 

distinction from sumtes, zza, 1. 

oxidation, zza, 2. 
Tin 

detection, ^, 7; az, 2; 46. 

determination of state of oxidation, 97. 

hydrolysis of salts, 2, 9. 

oxidation of stannous salts, 97, 2. 

separation from antimony, 44. 

solubihty, 3, 6. 

sulfo-salts, 22, 3. 
Tin-group 

analysis, procedures, 4Z-46. 

analysis, tabular outline, p. 60. 

separation from copper-group, pro- 
cedures, 2z-a3. 

separation from copper-group, tabular 
outline, p. 4'^* 

sulfides, color, az, 2. 

sulfides, behavior with ammonium 
sulfiae, aa, 5. 

sulfides, effect of acid on precipitation, 
az, 4. 

sulfo-salts, formation, aa, 3. 

sulfo-salts, reaction with adds, a3, 3. 

Unknown solxttionb, preparation, p.l21 . 
Unknown substances 

preliminaiy examination, z. 

pr^Mration for analyaiB, procedures, 
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Unknown subetanoes 

preparation for anal3r8iB, tabular out- 
line, p. £9. 

quantity taken for analyBis, 3f 2; 3, 5. 
Urea, reaction with nitriteB, 125, 1. 

Watbb 
detection, i; i. 3. 
forms in which found, i, 3. 



Zmc 
detection, 57. 
formation of complex cations, 51, 4; 

separation from chromium, ■». 
separation from cobalt and nickel, 

procedure, 67. 
separation from cobalt and nickel, 

tabular outline, p. 78. 
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